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(54) SEMICONDUCTOR THIN FILM, METHOD OF PRODUCING THE SAME, APPARATUS FOR 
PRODUCING THE SAME, SEMICONDUCTOR DEVICE AND METHOD OF PRODUCING THE 
SAME 

(57) In a polycrystalline silicon thin film transistor, a 

semiconductor device having a high field effect mobility 710 X2 

is achieved by increasing a grain size of a silicon thin 
film. First, an insulation layer having a two-layer struc- 
ture is formed on a transparent insulated substrate 201. 
In the insulation layer, a lower insulation layer 202, 
which is in contact with the transparent insulating sub- 
strate 201, is made to have a higher thermal conductiv- 
ity than an upper insulation layer 203. Thereafter, the 
upper insulation layer 203 is patterned so that a plurality 
of stripes are formed thereon. Subsequently, an amor- 
phous silicon thin film 204 is formed on the patterned 
insulation layer, and the insulation layer is irradiated with 
a laser light scanning in a direction parallel to the stripe 
pattern on the upper insulation layer 203. Thus, the 
amorphous silicon thin film 203 is formed into a poly- 
crystalline silicon thin film 210. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a semiconductor film for use in thin film transistors (TFTs) used in liquid 
crystal displays, photosensors such as linear sensors, photovoltaic devices such as solar cells, memory LSIs for 
SRAMs (static random access memories) and the like. The invention also relates to a method and an apparatus for pro- 
ducing the semiconductor film. More particularly, the semiconductor film is a crystalline semiconductor thin film formed 
on, for example, a glass substrate or the like, by laser annealing an amorphous material or the like. The invention further 

10 relates to semiconductor device using the semiconductor thin film and a method of producing the device. 

BACKGROUND ART 

[0002] Conventionally, high-quality silicon semiconductor thin films used in thin film transistors (TFTs) or the like 
15 have been fabricated on an amorphous insulating substrates by using plasma CVD methods and plasma CVD appara- 
tuses utilizing glow discharge. The hydrogenated amorphous silicon (a-Si) films produced by these manufacturing 
methods and apparatuses have been improved over many years of research and development and reached to a stand- 
ard applicable as high quality semiconductor thin films. The hydrogenated amorphous thin films have found use in elec- 
tric optical devices such as switching transistors for pixels in active matrix liquid crystal displays for lap-top or note-type 
20 personal computers, engineering workstations, and automobile navigation systems, photosensors for image sensors in 
facsimile machines, and solar batteries for electronic calculators, and in various integrated circuits. One of the most sig- 
nificant advantages of the hydrogenated amorphous silicon is that the formation with high reproducibility and stability 
on a large-area substrate is achieved at a process temperature as low as 300 °C. 

[0003] Meanwhile, the recent advancement of increased device sizes and greater pixel densities (higher defini- 
25 tions) in displays and image sensors has led to the demand for silicon semiconductor thin films that can achieve further 
high speed driving. In addition, in order to reduce device weight and manufacturing cost, such thin films should be appli- 
cable to driver elements formed in the peripheral circuit area of a liquid crystal display, which also requires the thin films 
to be capable of operating at high speed. However, the foregoing amorphous silicon shows a field effect mobility of 1 .0 
cm 2 /V • sec at best and thus cannot attain electric characteristics that can meet the requirements as mentioned above. 
30 [0004] In view of the problems, research has been conducted on techniques for improving the field effect mobility 
and the like by forming a semiconductor thin film having crystallinity, and the developed manufacturing processes 
include: 

(1) a manufacturing method in which by mixing a silane gas with hydrogen or SiF 4 , and employing a plasma CVD 
35 method, the deposited thin film is crystallized; and 

(2) a manufacturing method in which by using amorphous silicon as a precursor, the crystallization of the film is 
effected. 

[0005] In the method (1 ), the crystallization proceeds along with the formation of the semiconductor thin film, and 
40 the substrate must be heated to a relatively high temperature (600 °C or higher). This necessitates the use of a heat- 
resistant substrate such as costly quartz substrates, makes it difficult to use low-priced glass substrates, and therefore 
has a drawback of high manufacturing cost. Specifically, for example, Corning 7059 glass widely used in active matrix 
type liquid crystal displays has a glass transition temperature of 593 °C, and therefore if subjected to a heating treat- 
ment at 600°C or higher, the glass substrate will undergo considerable mechanical deformations such as shrinkage and 
45 strain, which makes it difficult to appropriately perform the forming processes of semiconductor circuits and the produc- 
ing processes of liquid crystal panels. Furthermore, when a multi-dimensional integration is desired, there is a possibil- 
ity of thermally damaging the previously-formed circuit area. 

[0006] In the method (2) above, an amorphous silicon thin film is formed on a substrate, and the formed thin film is 
heated to obtain a polycrystalline silicon (polycrystal silicon: p-Si) thin film. This method generally utilizes a solid phase 
so epitaxy method in which the heat treatment is performed at approximately 600 °C for a long time, and a laser annealing 
method (especially an excimer laser annealing method). 

[0007] In the solid phase epitaxy method, the substrate on which an amorphous thin film is formed needs to be 
heated and maintained at a temperature of 600 °C or higher for 20 hours or longer, and thus this method also has draw- 
backs of high manufacturing cost and so forth. 
55 [0008] In the excimer laser annealing method, an amorphous silicon thin film is irradiated with an excimer laser 
light, which is a UV light having a large light energy to cause crystallization, as disclosed in, for example, IEEE Electron 
Device Letters, 7 (1986) pp. 276-8, IEEE Transactions on Electron Devices, 42 (1995) pp. 251-7. This method thereby 
achieves, without directly heating the glass substrate, a polycrystalline silicon thin film having relatively good electrical 



2 



EP 1 049 144 A1 



characteristics such as a high field effect mobility (higher than 100 cm 2 /V*sec). More specifically, amorphous silicon 
has a transmissivity characteristic as shown in Fig. 1 and, for example, shows an absorption coefficient of about 10 6 
cm" 1 for a laser beam having a wavelength of 308 nm by a XeCI excimer laser. Therefore, most of the laser beam is 
absorbed in the layer from the surface to a depth of about 100 A, the substrate temperature is not raised significantly 

5 (to approximately not higher than 600 °C), and amorphous silicon alone is brought to a high temperature to cause crys- 
tallization (poiycrystallization or single crystallization). This allows the use of low-cost glass substrates. In addition, it is 
possible to irradiate a limited area of the substrate with the light beam to crystallize, and this allows a multi-dimensional 
integration in which a pixel region not requiring high speed characteristics so much is left to be an amorphous thin film, 
while a peripheral region of the pixel region is crystallized so as to form a driver circuit thereon. Further, it is also pos- 

10 sible to form high quality crystalline thin films in a specific region on a substrate one after another, without thermally 
damaging the circuits already formed on the substrate. Furthermore, this technique permits the integration of CPUs 
(central processing units) and the like on the same substrate. 

[0009] As an example of a semiconductor device using p-Si as described above, explained below is a typical con- 
struction of a TFT and a manufacturing method thereof. 

15 [001 0] Figs. 2(a) and 2(b) schematically show a TFT 1 1 0 having a coplanar structure. Fig. 2(a) is a plan view of the 
TFT 110, and Fig. 2(b) is a cross sectional view thereof taken along the line P-P' in Fig. 2(a). As shown in Figs. 2(a) and 
2(b), the TFT 110 has an insulating substrate 111 on which there are provided a undercoat layer 112, a p-Si film 113, 
a first insulating film (gate insulting film) 114, a second insulating film 116, and three electrodes, namely, a gate elec- 
trode 1 15, a source electrode 1 17s, and a drain electrode 1 17d. The p-Si film 1 13 is a crystalline semiconductor layer 

20 composed of Si (silicon). The p-Si film 1 13 is formed on the undercoat layer 112, patterned in a predetermined shape. 
The p-Si film 113 comprises a channel region 113a, a source region 113b, and a drain region 113c, and the source 
region 1 1 3b and the drain region 1 1 3c are disposed on both sides of the channel region 1 1 3a. The source region 1 1 3b 
and drain region 113c are formed by doping impurity ions such as phosphorus ions and boron ions. 
[0011] The first insulating film 1 14 is made of, for example, silicon dioxide (Si0 2 ), and is formed over the p-Si film 

25 113 and the undercoat layer 112. The gate electrode 1 1 5 is a metal thin film made of, for example, aluminum (Al) or the 
like. The gate electrode 1 1 5 is disposed above the first insulating film 1 14 at the position corresponding to the channel 
region 1 13a of the p-Si film 1 13. The second insulating film 1 16 is made of, for example, SiC>2, and stacked above the 
gate electrode 115 and the first insulating film 114. 

[0012] The first insulating film 114 and the second insulating film 116 each have a contact hole 118 formed so as 
30 to reach the source region 1 1 3b or the drain region 1 1 3c in the p-Si film 1 1 3. Via the contact hole 1 1 8, the source elec- 
trode 117s and the drain electrode 117d are in contact with the source region 113b or the drain region 113c. In a region 
not being the cross section shown in the figure, the gate electrode 115, the source electrode 117s, and the drain elec- 
trode 1 17d are patterned in a predetermined shape to form a wiring pattern. 

[0013] The TFT 1 10 is produced in the following manner. First, the undercoat layer 112, made of for example Si0 2 , 
35 is formed on the insulating substrate 111. This prevents impurities from diffusing into a p-Si film 1 33 to be formed Later. 
Next, on the undercoat layer 1 12, an a-Si film (not shown) as the foregoing amorphous silicon is deposited by, for exam- 
ple, a plasma CVD method. The a-Si film is then patterned into a predetermined shape by etching. It is noted that the 
patterning may be performed after the crystallization. Thereafter, the a-Si film is irradiated with an excimer laser having 
a short wavelength, and cooled (laser annealing). Thereby, the a-Si film is modified, i.e., the a-Si film is polycrystallized 
40 to form a p-Si film 1 1 3. Note here that the a-Si film has a large light absorption coefficient in a short wavelength range, 
and therefore, by employing an excimer laser as the energy beam, it is possible to selectively heat the a-Si film alone. 
Accordingly, temperature rise of the insulating substrate 111 is suppressed, and this leads to an advantage that low- 
cost substrates such as glass substrates can be employed for the insulating substrate 111. 

[0014] On the p-Si film 113 thus formed, the first insulating film 114 is deposited by an atmospheric pressure CVD 
45 (chemical vapor deposition) method, and the gate electrode 115 is formed on the first insulating film 114. Thereafter, 
using the gate electrode 1 15 as a mask, impurity ions for serving as either donors or acceptors, specifically, such impu- 
rity ions as phosphorus ions and boron ions, are implanted into the p-Si film 113 by using, for example, an ion doping 
method. Thus, on the p-Si film 113, the channel region 113a, the source region 113b, and the drain region 113c are 
formed. 

50 [0015] Next, the second insulating film 1 16 is formed on the gate electrode 115. Thereafter the contact holes 118 
are formed, and aluminum, for example, is deposited, and patterning is performed to form the source electrode 117s 
and the drain electrode 117d. 

[001 6] The pulsed type laser such as the excimer laser used in the forming process of p-Si films as described above 
has a large output power, and by irradiating the substrate with the laser light in such a manner that the substrate is 
55 scanned by the laser light with a line-like shape while the substrate is being moved, a large-area amorphous silicon can 
be crystallized at one time, which is an advantage in the large-scale production of semiconductor devices. However, 
such a laser has a drawback that it is difficult to improve quality of the formed crystals. Specifically, a laser of this type 
has a very short irradiation time for 1 pulse, namely approximately several ten nanoseconds, and causes a large tem- 



3 



EP1 049 144 A1 



perature difference between a time during which the irradiation is performed and a time during which the irradiation is 
not performed is large, and thereby, the fused silicon film crystallizes during the process of being rapidly cooled. Accord- 
ingly, the control of a degree of crystal growth and a crystal orientation is difficult, which leads to many drawbacks as 
follows: sufficient crystal growth tends not to occur, thereby crystal grain sizes are reduced and densities of grain 

5 boundaries are increased, uneveness in crystals is increased, and further crystal defects tend to increase. More spe- 
cifically, in the process of cooling after the irradiation with the laser, crystal nuclei are formed in a disorderly manner, 
and the disorderly-formed crystal nuclei in turn grow in disorderly directions. The crystal growth stops in a state where 
crystal grains collide with each other. The crystal grains formed through such a growth process results in small grains 
having random shapes. Consequently, in the resulting poly-Si film, a large number of grain boundaries are present and 

10 therefore charge carriers cannot transfer smoothly, which causes the film to have poor TFT characteristics such as field 
effect mobilities. 

[001 7] Now, the mechanism of the crystal growth and the reasons why a good crystal growth is difficult to attain are 
detailed below. The aforesaid excimer laser is generated by exciting a mixed gas containing a rare gas such as Xe and 
Kr and a halogen such as CI and F with the use of an electron beam. However, the laser as it is cannot be suitably used. 
15 By using an optical system called a beam homogenizer, the light beam generally used in laser annealing is shaped into 
a light beam having a homogeneous light intensity and having a line-like shape or a rectangular shape with each line 
segment being about several centimeters. The light beam thus shaped is employed for the technique in the crystalliza- 
tion of non-single crystalline thin films (normally, amorphous thin films), the technique in which the substrate is scanned 
with the light beam. 

20 [0018] Yet, this technique has several problems to be solved, such as poor uniformity in crystal grain sizes and in 
crystallinity, unstable transistor characteristics, and low field effect mobilities. In view of these problems, the following 
techniques have been suggested. 

(1) By covering part of the surface to be irradiated with a reflective film or absorption film so as to control light 
25 absorption on the surface of the thin film, a light intensity distribution is formed to guide an orientation of crystal 

growth. 

(2) A substrate is heated (at 400 °C) and the laser is applied to the heated substrate, so that a smooth crystalliza- 
tion takes place. (Extended Abstracts of the 1991 International Conference on Solid State Devices and 

30 Materials, Yokohama, 1991, pp. 623-5) 

[0019] Additionally, a technique disclosed in Jpn. J. Appl. Phys. 31 (1992) pp. 4550-4 is also known. 
[0020] As shown in Fig. 3, a glass substrate 121 having a precursor semiconductor thin film 122 formed thereon is 
placed on a substrate stage 124. With a substrate stage 124 heated at about 400°C by a substrate heater 125, a laser 
beam 123a of an excimer laser 123 is applied to the precursor semiconductor thin film 122. The additional heating of 

35 the glass substrate in the irradiation with laser beam achieves high crystal quality, i.e., relatively large and uniform crys- 
tal grains, thereby improving the electrical characteristics. 

[0021] Technique (1) described above can be employed to obtain a single crystal, whereas technique (2) above is 
relatively easy to implement and can suppress the variation of field effect mobilities within ± 10%. However, these tech- 
niques have the following problems and cannot meet the requirements in recent technical trends towards multi-dimen- 

40 sional integration and further cost reduction. 

[0022] Specifically, technique (1) above requires a step of providing a reflective film etc., which complicates the 
manufacturing process and adds the manufacturing cost. Furthermore, since providing a reflective film etc. in a narrow, 
limited space is difficult, crystallization of specific regions with a very small size is accordingly problematic. 
[0023] On the other hand, technique (2) involves a step of heating the substrate, which reduces the productivity. 

45 Although the substrate is not heated at such a temperature as required in a solid phase epitaxy method, the step of 
heating and cooling the substrate takes a long time (30 minutes to 1 hour, for example), which reduces the throughput. 
This problem becomes more serious as a substrate area increases, since a larger substrate requires a longer time for 
heating and cooling to alleviate the deformation of the substrate. In addition, this technique can reduce the variation of 
field effect mobilities to a certain extent, but cannot sufficiently increase the field effect mobilities per se, and therefore 

so it is not suitable for producing circuits in which high speed operation is required. In order not to cause the deformation 
etc. of the glass substrate, the substrate cannot be heated in excess of 550 °C, and therefore it is difficult to attain fur- 
ther higher crystal quality. Moreover, this technique involves heating the entire substrate, and therefore is not suitable, 
for the crystallization in a limited region (specific region) on the substrate. 

[0024] As has been described above, both techniques (1 ) and (2) above have problems such as high manufacturing 
55 cost. Particularly, techniques (1) and (2) above (including other prior art techniques) have a significant problem of the 
difficulty in realizing diverse and multi-dimensional layer stacking. In other words, the methods for controlling the tem- 
perature distribution employed by these techniques are not suitable for selectively forming on a single substrate both a 
circuit region where high speed operation is required (polycrystallized region) and another circuit region where not such 
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high speed is required (amorphous region). For this reason, by these techniques, it is difficult to achieve both a high 
degree of integration and cost reduction at the same time. 

[0025] The technique capable of crystallizing only a predetermined limited region is useful, and this will be elabo- 
rated upon now. Prior art laser annealing methods have employed a light beam having such a characteristic that the 

5 side (edge) of the beam is steep, and the top is flat (the energy intensity per unit area is uniform), as shown in Fig. 4. 
Poly-Si thin films produced with the use of such a light beam have been conventionally seen as sufficient for the require- 
ments for forming switching circuits and the like for pixel electrodes, for which such high speed operation is not required. 
[0026] However, in the case of integrally forming the elements requiring high speed operation such as CPUs as well 
as a gate driving circuit and a source driving circuit on a single substrate, the polycrystailine thin films of the quality real- 

w ized by the prior art technique are unsatisfactory. For example, the pixel region of LCDs generally requires a mobility of 
about 0.5-10 cm 2 /Vs, whereas the peripheral driving circuits for controlling the pixels, such as gate circuits and source 
circuits, require a mobility as high as about 100-300 cm 2 /Vs. In spite of such requirements, the prior art technique uti- 
lizing the light beam having the above-described characteristic cannot achieve high mobilities constantly. In other 
words, generally in polycrystailine silicon thin films, higher transistor characteristics are attained as the crystal grain size 

15 is increased, but the above-described polycrystallization treatment cannot attain sufficient transistor characteristics. 
[0027] The reason is that when the light beam having the above-described characteristic is employed, uneveness 
in crystal grains and crystallinity is increased, and in addition, when the irradiation intensity and the number of times of 
the irradiation are increased to improve the crystallization, the crystal grain sizes become more uneven, further varying 
the crystallinity. The cause of this problem will now be discussed in detail below. 

20 [0028] Fig. 5 schematically shows the distribution of crystallinity in the case where the above-described rectangular 
light beam is applied to an amorphous silicon thin film formed on a substrate. In Fig. 5, the numeral 1701 refers to the 
boundary of the irradiation beam, the numerals 1702 and 1704 refer to the portions where the crystallinity is low, and 
the shaded portion 1703 indicates the portion where the crystallinity is high. As shown in Fig. 5, by the prior art method 
utilizing an excimer laser having a uniform energy intensity, the crystallinity shows such a distribution pattern that only 

25 the shaded portion 1703 slightly inside the boundary of the irradiation light shows high crystallinity, whereas the crys- 
tallinity is low in the other portions (the adjacent portion 1702 to the boundary, and the central portion 1704) show low 
crystallinity. This has been confirmed by micro-Raman spectroscopy. 

[0029] Fig. 6 shows the measurement result of Raman intensity on the portion along the line A-A in Fig. 5. The 
abrupt peaks in Fig. 6 existing slightly inside the boundary indicate that the crystallinities in these portions are high. In 

30 addition, the absence of peaks in the central portion shows that the crystallinity in the central portion is low. 

[0030] Referring now to Fig. 7, the mechanism of such uneveness in crystallinity will be discussed below. An amor- 
phous silicon thin film is irradiated with a light beam to heat the thin film so that the temperature of the thin film is 
increased above the melting point temperature of silicon (about 1400 °C or higher), and thereafter the light irradiation 
is stopped. Thereby, the temperature of the thin film decreases by heat dissipation, and in this process, the fused silicon 

35 crystallizes. Here, when the light beam has a uniform distribution of the light intensity as in Fig. 7(a), the surface of the 
irradiated thin film shows a temperature distribution pattern as in Fig. 7(b). That is, a flat temperature region in which no 
temperature gradient is present is formed in the central portion, and an abrupt temperature gradient is formed in the 
peripheral regions since the heat escapes outside. In this case, when the temperature of the central portion is higher 
than the melting point of silicon, the temperature in the portions adjacent to the intersection points of the temperature 

40 distribution curve 1901 and the crystallization temperature line 1902 (adjacent portions to the boundary) reaches the 
crystallization temperature first after the irradiation is stopped. Therefore, crystal nuclei 1903 are formed in the vicinity 
of these portions (see Fig. 7(c)). In other words, the temperature of the amorphous silicon film is increased at a temper- 
ature higher than the melting point, and when the amorphous silicon thin film is fused and then solidified in the regions 
heated above the melting point, crystallization occurs, resulting in polycrystallization. Following this, as the temperature 

45 further decreases (Fig. 7(d)), the crystallization further proceeds from the crystal nuclei 1903 as the starting points 
towards the central portion, where the temperature has not yet reach the crystallization temperature (Fig. 7(e)). In the 
case of using the light beam having a uniform energy intensity, the temperature decreases in such a manner that no 
temperature gradient in the surface direction in the central portion is present, as shown in Figs. 7(b), 7(d), and 7(0- 
Accordingly, at a certain point during the temperature decrease, a relatively wide region reaches the crystallization tem- 

50 perature at one time (Fig. 7(f)), and the crystal nuclei can be formed at any point of the wide region 1904 with an equal 
probability. Therefore, as shown in Fig. 7(g), micro crystal nuclei are simultaneously formed on the entire surface of the 
region 1904, and as a result, a poly-Si thin film made of a multiplicity of microcrystal grains is formed. Such a poly-Si 
thin film inevitably has a large density of grain boundaries. Therefore, the degree of carriers being caught in the grain 
boundaries increases, reducing the field effect mobility. It is noted that in Fig. 7(c), the numeral 1900 represents a cross 

55 section of the thin film. 

[0031] The above-described mechanism for the uneveness of crystallinity being caused also applies to the case of 
employing a line-like laser beam for the irradiation, as shown in Fig. 8. Fig. 8(a) illustrates the distribution of energy den- 
sities in the directions x and y of an excimer laser to be used. Fig. 8(b) shows the distribution of the increased temper- 
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atures of the amorphous silicon thin film irradiated with the excimer laser having such energy densities. Fig. 8(c) is a 
perspective view of a polycrystalline silicon thin film transistor irradiated with the laser as shown in Figs. 8(a) and 8(b). 
As seen from these figures, since the laser having such an energy distribution as shown in Fig. 8(a) is employed, the 
region to be irradiated shows a temperature distribution almost uniform along the y direction, but shows such a temper- 

5 ature distribution in the x direction that the central portion is high and both side portions are low, as shown in Fig. 8(b). 
Due to such a temperature distribution, the crystallization proceeds from the peripheral regions towards the central 
region along the x direction, and the crystallization growth fronts of the numerous formed crystal nuclei from both 
peripheral regions meet at the central region. Therefore, as shown in Fig. 8(c) which schematically illustrates the state 
of the crystallization in the polycrystalline silicon thin film, although the crystal grain size is large in the regions where 

10 the line beam energy density of the laser beam is low, the grain size becomes small in the region where the energy den- 
sity is high (the central region). For reference, in Fig. 8 (c), the numeral 131 designates the transparent insulating sub- 
strate, the numeral 134 the polycrystal silicone thin film, and the numeral 141 the crystal grains. The numeral 139 refers 
to an insulating film which generally composed of a silicon dioxide (Si0 2 ) film, and the numeral 140 represents the 
amorphous silicon thin film. 

15 [0032] Although, for the sake of brevity, the above-described example describes a case where the energy beam is 
applied only one time, the same explanation applies to such cases that the energy beam is applied a plurality of times. 
[0033] In addition to the difficulty in improving field effect mobilities, prior art laser annealing methods have other 
drawbacks of the difficulty in improving the uniformity in quality of semiconductor films and of the difficulty in meeting 
both these requirements. 

20 [0034] Referring now to Fig. 9, a prior art leaser annealing apparatus is described below. In Fig. 9, the numeral 1 51 
designates a laser oscillator, the numeral 152 a reflector, the numeral 153 a homogenizer, the numeral 154 a window, 
the numeral 155 a substrate having an amorphous silicon layer formed thereon, the numeral 156 a stage, and the 
numeral 157 a control unit. The laser annealing apparatus is so constructed that a laser light emitted from the laser 
oscillator 151 is guided to the homogenizer 153 by the reflector 152, and the laser beam shaped by the homogenizer 

25 153 in a predetermined shape with a uniform energy is applied through the window 154 onto the substrate 155 fixed on 
the stage 156 in the treatment chamber. 

[0035] When performing an annealing treatment with the use of the above-described annealing apparatus, 
because it is difficult to irradiate the entire substrate surface with a laser beam at one time, the regions to be irradiated 
is in turn staggered so that the region to be irradiated overlaps with the already irradiated region, in order to irradiate 

30 the entire substrate surface under the same condition. See for example, I. Asai, N. Kato, M. Fuse, and T. Hamano, Jpn. 
J. Apl. Phys. 32 (1993) p. 474. However, in such a laser annealing method, in which the laser beam is applied in such 
a manner that the regions to be irradiated are in turn staggered so that the region to be irradiated overlaps with the 
already irradiated region, increasing the laser energy density can lead to an increase in the mobility, which is one of the 
evaluation standards for semiconductor film characteristics, thereby increasing the film quality as a whole. However, the 

35 increased laser energy density also increases non-uniformity of the film quality at the overlapped regions, thus degrad- 
ing the uniformity of the semiconductor film as a whole. On the other hand, when a relatively low energy density is 
employed in the laser irradiation, improving the uniformity of the film quality becomes easier, but because of the low 
energy density, increasing the field effect mobility becomes difficult. 

[0036] Accordingly, in the case of employing a substrate having TFTs formed thereon for a liquid crystal display as 
40 schematically shown in Fig. 10, it has been difficult to form a semiconductor film which satisfies both uniformity of the 
film quality, required for an image display region 158 having a relatively large area, and field effect mobilities, required 
for a peripheral circuit (driver circuit) region 159. It is to be noted here that as a solution to this problem, U.S. Pat. No. 
5,756,364 suggests that the image display region 158 and the peripheral circuit region 159 be irradiated with laser 
beams with different intensities. However, by merely varying the laser beam intensities, it is still difficult to obtain a field 
45 effect mobility sufficient for the peripheral circuit region 1 59. 

[0037] Hence, as has been described above, prior art laser annealing methods have the following drawbacks. Con- 
trolling crystal grain sizes and crystal orientations is difficult and thereby forming semiconductor thin films having high 
crystal quality, i.e., large and uniform crystal grain sizes and few crystal defects. In addition, the reduction in manufac- 
turing cost by increasing throughputs is difficult. Furthermore, prior art methods cannot achieve the improvement in film 
so characteristics of semiconductor thin films (field effect mobilities etc.) and the uniformity of the film quality at the same 
time. 

[0038] In view of the foregoing and other problems of prior art, it is an object of the present invention to provide a 
method of producing a semiconductor thin film that can achieve a semiconductor thin film having a high crystal quality 
without sacrificing throughputs, and can also achieve both an improvement in film characteristics and a uniformity in film 
55 quality in the semiconductor thin film at the same time. 

[0039] It is another object of the present invention to provide an apparatus for producing such a semiconductor thin 
film. 

[0040] It is further another object of the present invention to provide a thin film transistor having excellent TFT char- 
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acteristics such as field effect mobilities and the like, by utilizing the semiconductor thin film. 

[0041] It is yet another object of the present invention to provide a method for producing such a thin film transistor. 
[0042] It is to be noted here that the term "crystallization" as used herein means both single crystallization and poly- 
crystallization, and that a method for producing a crystalline semiconductor thin film according to the present invention 
5 is particularly useful in producing poly-Si thin films. 

DISCLOSURE OF THE INVENTION 

[0043] In view of the foregoing and other problems of prior art, it is an object of the present invention to provide a 
10 method of producing a semiconductor thin film that can achieve a semiconductor thin film having a high crystal quality 
without causing the reduction in throughputs, and can also achieve both an improvement in film characteristics and a 
uniformity in film quality in the semiconductor thin film at the same time. 

[0044] It is another object of the present invention to provide an apparatus for producing such a semiconductor thin 
film. 

15 [0045] It is further another object of the present invention to provide a thin film transistor having excellent TFT char- 
acteristics such as field effect mobilities and the like, by utilizing the semiconductor thin film. 

[0046] It is yet another object of the present invention to provide a method for producing such a thin film transistor. 
[0047] In order to provide a solution to the foregoing problems, the present inventors have, as a result of intensive 
studies, found a method of forming at least a region in which a transistor is formed into a polycrystailine silicon thin film 

20 having a large grain size, based on the consideration that a cause of crystal grains in a polycrystailine silicon thin film 
being undesirably small is a temperature variation in the silicon thin film heated by irradiating with an excimer laser. 
[0048] More specifically, the present inventors have reached the following idea; when performing a polycrystalliza- 
tion treatment by laser, by providing a region having a high thermal conductivity on both sides of the region in which a 
transistor is formed so as to sandwich the transistor-forming region, the temperature of the peripheral regions sand- 

25 wiching the transistor-forming region is made higher than the temperature of the transistor-forming region, which makes 
the temperature of the transistor forming region lower relative to the peripheral regions, and thereby the silicon film in 
the transistor-forming region is initially crystallized to increase crystal grain sizes. 

[0049] Accordingly, in accordance with a first aspect of the invention, there is provided a method of producing a 
semiconductor thin film comprising the steps of stacking on a substrate a first insulating film having a first thermal con- 
30 ductivity and a second insulating film having a second thermal conductivity being different from the first thermal con- 
ductivity, the second insulating film selectively formed in a partial region on the substrate, stacking a non-single crystal 
semiconductor thin film over the first insulating film and the second insulating film, and irradiating the non-single crystal 
semiconductor thin film with an energy beam to effect a crystal growth. 

[0050] Specifically, for example, in an insulating film under an amorphous silicon thin film, a thermal conductivity of 
35 a region in which a transistor is formed is made different from a thermal conductivity of other regions, and thereby a 
thermal conductive performance of the amorphous silicon thin film in the region in which a transistor is formed is made 
higher than that of the amorphous silicon thin film in the other regions. 

[0051] By employing this method, in the polycrystallization, the temperature of the silicon thin film in the region 
where a transistor is formed is lower than that of the other regions, and as a result, crystallization starts from the region 
40 in which a transistor is formed. Consequently, a grain size of the polycrystailine silicon in the region in which a transistor 
is formed can be made large. 

[0052] In accordance with another aspect of the invention, in at least a part of a peripheral edge of the semiconduc- 
tor thin film, at least one protruding part extending towards a horizontal direction with respect to the semiconductor film 
may be provided. 

45 [0053] Now, for a better understanding of the present invention, an approach which the inventors have taken to 
reach the present invention is described below. First, the present inventors made strenuous efforts in order to discover 
the cause of the foregoing problems in prior art, and reached the following factors as the cause. Generally, the genera- 
tion of crystal nuclei and the crystal growth are effected by heating a semiconductor film by an annealing treatment and 
thereafter cooling the semiconductor film. In the prior art, the semiconductor film is almost uniformly cooled after the 

so annealing treatment regardless of whether it is in the central region or in the peripheral region, and as a result, crystal 
nuclei start to develop at random positions almost at one time. It is considered that this makes it difficult to control crys- 
tal grain sizes and crystal orientations. Also for the same reason, crystal nuclei start to develop at relatively adjacent 
positions almost at one time and thereby the crystals tend to interfere with each other in the process of crystal growth. 
This makes it difficult to obtain a sufficient crystal grain size. 

55 [0054] Based on the above factors, the present inventors have made strenuous studies and reached a technical 
idea of the present invention that "the formation of crystal nuclei in the peripheral region in the semiconductor film is 
started earlier than the formation of crystal nuclei in the central region, and thereafter the crystal nuclei formed in the 
peripheral region are grown towards the central region before crystal nuclei start to form or grow, in order to control 
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crystal grain sizes and crystal orientations and to obtain a sufficient crystal grain size by preventing the crystals under- 
going crystal growth from interfering with each other." 

[0055] More specifically, in accordance with this aspect of the invention, in the semiconductor film after the anneal- 
ing treatment, the heat accumulated in the protruding part in the peripheral edge diffuses in a plurality of outward direc- 

5 tions with regard to a horizontal plane (for example, in three directions in the case of the protruding part having a 
rectangular shape), whereas the heat accumulated in the central region can escape, with regard to a horizontal plane, 
only in the directions towards the peripheral edge, which has not yet been cooled, and therefore the peripheral edge 
region, including the protruding part, can be cooled sufficiently earlier than the central region. 
[0056] Accordingly, the crystal nuclei in the peripheral edge region start to form earlier than those in the central 

10 region, and the crystal nuclei in the peripheral region grow towards the central region before crystal nuclei are formed 
or grown in the central region, which makes it possible to control crystal grain sizes and crystal orientations. Thereby, it 
is prevented that the crystals in the process of crystal growth interfere with each other, and a sufficient crystal grain size 
can be obtained. 

[0057] In another embodiment of this aspect of the invention, the protruding part may have a size such that one 
15 crystal nucleus is formed when crystal growth takes place by irradiating with the energy beam. Accordingly, only one 
crystal nucleus is formed in the protruding part, and the crystal nucleus is grown to be a crystal. In still another embod- 
iment of this aspect of the invention, a length of said protruding part in a direction of protruding is greater than a film 
thickness of said semiconductor thin film, and equal to or less than 3 jim, or a width of the protruding part in a width 
direction perpendicular to the direction of protruding is greater than the film thickness of the semiconductor thin film, 
20 and equal to or less than 3 urn. Accordingly, the crystal grain size is further finely adjusted, and it is ensured that one 
crystal nucleus is formed in each protruding part. 

[0058] In another embodiment of this aspect of the invention, the semiconductor thin film may be formed in a shape 
having a pair of line segments opposed to each other; two or more of the protruding parts may be formed in each of the 
pair of line segments; and an interval of the protruding parts next to each other in each of the pair of line segments may 

25 be set to be approximately equal to an interval of the opposing line segments. 

[0059] Accordingly, the crystal nucleus formed and grown in the protruding part further grows towards the central 
region, and it is expected that crystal growth is effected such that both the crystals grown from the protruding parts next 
to each other towards the central region and the crystals grown from the protruding parts in the opposed line segments 
towards the central region are grown with a minimum interference with each other. 

30 [0060] In another embodiment of this aspect of the invention, there is provided a semiconductor device comprising 
a semiconductor thin film wherein crystals are grown by irradiating a non-single crystal semiconductor thin film with an 
energy beam, characterized in that a protruding part is formed in a peripheral edge region of the semiconductor thin 
film, the protruding part extending outwardly in the same plane as a plane of the semiconductor thin film. 
[0061] In the above device, a thin film transistor having a source region, a gate region, and a drain region each 

35 made of the semiconductor thin film may be formed, and the protruding part may be formed at least in a peripheral edge 
region of the gate region. 

[0062] Accordingly, the protruding part is provided in the region corresponding to the gate electrode, and thereby a 
good electrical conductivity is obtained. 

[0063] In another embodiment of the invention, there is provided a method of producing a semiconductor thin film, 
40 comprising the steps of forming a non-single crystal semiconductor thin film having a protruding part extending out- 
wardly in the same plane as a plane of the non-single crystal semiconductor thin film, and growing crystals in the non- 
single crystal semiconductor thin film by irradiating with an energy beam. 

[0064] In a semiconductor film produced according to the above-described method, the same advantageous effects 
as described above are attained. 
45 [0065] In another embodiment of the invention, crystal nuclei in a peripheral region in the non-single crystal semi- 
conductor thin film are formed earlier than crystal nuclei in a central region in the non-single crystal semiconductor thin 
film, and thereafter, the crystal nuclei in the peripheral region are grown towards the central region before the crystal 
nuclei in the central region start to be formed or grown. Thereby, it is made possible to control crystal grain sizes and 
crystal orientations. 

so [0066] This achieves a sufficient crystal grain size since it is prevented that crystals in the process of crystal growth 
interfere with each other. 

[0067] In order to the foregoing and other problems in prior art, the present invention also provides a crystalline thin 
film transistor including a crystalline semiconductor layer formed on a substrate, the crystalline semiconductor layer 
comprising a channel region, a source region disposed at both sides of the channel region, and a drain region, wherein 
55 the crystalline semiconductor layer is such that a non-single crystalline thin film is crystallized, and at least in the chan- 
nel region in the crystalline semiconductor layer, a gap for controlling an orientation of crystal growth is provided. 
[0068] In the above-described configuration, a gap for controlling an orientation of crystal growth formed in the 
channel region controls an orientation of crystal growth in the channel region when the non-single crystalline thin film 
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is crystallized. Accordingly, in the crystalline semiconductor layer having such a gap for controlling an orientation of 
crystal growth, shapes and density of grain boundaries of the crystals are preferably controlled, and hence the crystal- 
line thin film transistor exhibits excellent TFT characteristics, such as field-effect mobility. 

[0069] It is to be noted here that the gaps for controlling an orientation of crystal growth is a depressed part formed 
5 on the surface of crystalline semiconductor layer (non-single crystalline thin film in the process of fabrication), and the 
depressed part may extend to a lower layer under the crystalline semiconductor layer (the surface of the substrate or 
the undercoat layer) or may not extend to the lower layer. The sizes and shapes thereof are not particularly restricted, 
and therefore may be suitably adjusted depending on the surface area and thickness of the crystalline semiconductor 
layer, a desired field effect mobility, and so forth. Examples of the surface shapes thereof include a circular shape, a 
w square-shaped hole, a long and narrow groove, and so forth, and examples of the cross-sectional shape thereof include 
a C-like shape, a V-like shape, and an angular C-like shape. The detail of the gap for controlling an orientation of crystal 
growth will be described later. 

[0070] In another embodiment of the invention, there is provided a crystalline thin film transistor including a crystal- 
line semiconductor layer formed on a substrate, the crystalline semiconductor layer comprising a channel region, a 
15 source region disposed at both sides of the channel region, and a drain region, wherein the crystalline semiconductor 
layer is such that a non-single crystalline thin film is crystallized, wherein the gap for controlling an orientation of crystal 
growth is divided into two or more arrays of groove-like gaps provided in a direction linking the source region and the 
drain region. 

[0071] In this configuration, two or more arrays of groove-like gaps functions so that the orientation of crystal growth 
20 is guided in the direction linking the source region and the drain region, and the resulting poly-Si film becomes an aggre- 
gate of large crystal grains longitudinally extending in the direction linking the source region and the drain region. Such 
a poly-Si film has a small density of grain boundaries in the direction linking the source region and the drain region and 
therefore exhibits a high carrier mobility. In other words, the crystalline thin film transistor having the above-described 
configuration has excellent characteristics such as carrier mobilities. 
25 [0072] Now, referring to Figs. 1 1 and 20, there is detailed the reason why by providing the gap for controlling an ori- 
entation of crystal growth, large crystal grains in which the orientation of crystal growth is controlled are obtained. 
[0073] As shown in Figs. 20(a) and 20(b), on a surface of non-single crystalline thin film, which is a precursor mate- 
rial of the crystalline semiconductor layer, two or more arrays of groove-like gaps for controlling an orientation of crystal 
growth (denoted by the reference numeral 411) are formed in the direction linking the source region and the drain 
30 region, and thereafter an energy beam capable of being absorbed is applied to the thin film in a conventional manner. 
The resulting temperature distribution on the surface of the thin film is as follows; the gaps for controlling, the region 
adjacent thereto, and the peripheral edge region show a low temperature, and the main portion of the channel region 
(a region of the thin film where the gap for controlling an orientation of crystal growth is not formed) shows a high tem- 
perature. 

35 [0074] The reason is that, since the groove region (gaps for controlling an orientation of crystal growth) has a 
smaller film thickness than the other regions or has no thin film thereon, less energy beam is absorbed in the groove 
region, and as a result the temperature of the groove region becomes lower than the other regions. In addition, normally, 
because no thin film exists outside the semiconductor thin film, which leads to less absorbed energy beam, and also 
because heat diffuses outward in the peripheral edge region, the temperature of the peripheral edge region becomes 

40 lower than the central region of the thin film. 

[0075] There is now described below a process of crystal growth in the non-single crystalline thin film having a tem- 
perature distribution such that the gap for controlling an orientation of crystal growth and the peripheral edge region 
show a low temperature. It is noted that in prior art as well, the peripheral edge region of non-single crystalline thin film 
shows a low temperature, and therefore the explanation here concerns with the relationship between orientations of 

45 crystal growth and the gap for controlling an orientation of crystal growth, with reference to Figs. 1 1(a) and 1 1 (b). 

[0076] Figs. 1 1 (a) and 1 1 (b) schematically illustrate a state of the crystal growth. First, crystal nuclei are formed in 
a peripheral region of the gap for controlling an orientation of crystal growth, where the temperature is lower than that 
of the main portion. Then, the crystal nuclei grow in a direction towards a region having a higher temperature, i.e., in a 
direction away from the groove-like gap for controlling an orientation of crystal growth (a perpendicular direction to the 

so groove), as the temperature of the whole thin film falls. Note here that in the above-described configuration, two or more 
array of the gaps for controlling an orientation of crystal growth are provided in the direction linking the source region 
and the drain region, and therefore, the crystal nuclei formed in the regions adjacent to the two gaps an orientation of 
crystal growth opposed to each other grow towards the center of the main portion of the channel region from the oppo- 
site directions. Therefore, both crystal grains collide with each other in the vicinity of the center of the main portion of 

55 the channel region. However, the central region, being far from the gap for controlling an orientation of crystal growth, 
has still a higher temperature than the other regions and therefore is in a state where molecules therein can still freely 
move. Accordingly, the orientation of crystal growth is guided to the direction in which the collision is avoided, i.e., the 
direction linking the source region and the drain region (the direction parallel to the groove, see Fig. 11a). As a result, 
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a large crystal grain is formed so as to longitudinally extend in the direction linking the source region and the drain 
region (see Fig. 1 1 b). When the channel region is composed of an aggregate of the crystal grains having such a shape, 
the density of grain boundaries in the direction linking the source region and the drain region becomes small, and there- 
fore a crystalline thin film transistor having excellent TFT characteristics such as field effect mobility can be formed. 

5 [0077] In another embodiment of the invention, the gap for controlling an orientation of crystal growth may be 
divided into a plurality of gaps discontinuously provided in a direction linking the source region and the drain region. 
[0078] When a plurality of gaps for controlling an orientation of crystal growth are discontinuously arranged, crystal 
growth is more finely controlled, and in particular, when two or more arrays of gaps for controlling an orientation of crys- 
tal growth are arranged, grain sizes and shapes of the crystals are further finely controlled. The reasons for this are as 

w follows. 

[0079] As described above, crystal nuclei are formed in the vicinity of the gap for controlling an orientation of crystal 
growth, in which the temperature decreases to a crystallization temperature earlier. Here, if the intervals between the 
crystal nuclei are narrow, the crystal growth is hindered since crystals collide with other crystals before they sufficiently 
grow, and this results in a polycrystal made of a multiplicity of micro-crystal grains and a distorted crystal structure in 
15 the vicinity of the boundaries where crystal grains collide with each other. For this reason, desired TFT characteristics 
cannot be obtained. Accordingly, in order to improve TFT characteristics such as field effect mobility, it is necessary that 
the density of crystal nuclei to be formed should be appropriately controlled, in addition to the control of the orientation 
of crystal growth. 

[0080] Here, if the gaps are arranged in a discontinuous manner, although crystal nuclei are formed in the vicinity 
20 of the gaps, they are not easily formed in intermediate regions between a gap and the next gap. Thus, by adjusting the 
number of the gaps and/or the intervals between the gaps, the density of crystal nuclei to be formed can be controlled. 
It is noted that the reason why crystal nuclei are not easily formed in the intermediate region between a gap and the 
next gap is that the intermediate region (the region where the thin film material is present) is sufficiently heated by laser 
irradiation. 

25 [0081] In accordance with another aspect of the invention, there is provided a semiconductor device including a 
crystalline semiconductor layer formed on a substrate, the crystalline semiconductor layer comprising a channel region, 
a source region disposed at both sides of the channel region, and a drain region, the semiconductor device wherein the 
crystalline semiconductor layer is such that a non-single crystalline thin film is crystallized and at least in the channel 
region, an early-crystallization region in which a crystallization-starting temperature is higher than that in a main portion 

30 of the channel region is provided. 

[0082] By employing the above-described configuration, the early-crystallization region serves to control the crystal 
growth in the main portion of the channel region, and as a result, high quality crystalline semiconductor layer having a 
small density of grain boundaries can be formed. The reason is as follows. 

[0083] Because the crystallization-starting temperature is high in the early-crystallization region, crystal nuclei start 
35 to be formed earliest in the early-crystallization region. The crystal nuclei become the center of the crystal growth to 
take place thereafter. Accordingly, by providing the early-crystallization region, the phenomenon that multiple crystal 
nuclei are formed at once can be prevented, and as a result, a polycrystalline semiconductor layer in which large crystal 
grains are aggregated can be formed. 

[0084] It is preferable that the early-crystallization region be arranged at least one or more in the channel region, 
40 and it is also preferable that a plurality of early-crystallization regions be provided at positions where the transfer of car- 
riers in the direction linking is not hindered. When a plurality of early-crystallization regions are provided on the surface 
of the thin film at appropriate positions and intervals, the density of crystal nuclei to be formed can be appropriately con- 
trolled, resulting in further desirable results. It is to be noted that the phrase "a crystallization-starting temperature is 
high" mentioned above means that crystallization starts to take place at a higher temperature than that in the main por- 
45 tion of the channel region. 

[0085] In another embodiment of the invention, the early-crystallization region has a shape longitudinally extending 
in a direction linking the source region and the drain region. 

[0086] Since the early-crystallization region is not a region where carrier transfer takes place, the region is prefer- 
able to have a narrow width in the direction linking the source region and the drain region. If the early-crystallization 
50 region extends longitudinally in the direction linking the source region and the drain region, the early-crystallization 
region can become a factor that hinders carrier mobilities. 

[0087] In another embodiment of the invention, the early-crystallization region is such that an impurity is contained 
in a component constituting the main portion of the channel region. 

[0088] In a technique of raising the crystallization-starting temperature by adding an impurity to the semiconductor 
55 layer, the early-crystallization region can be formed relatively easily Accordingly, the crystalline thin film transistor hav- 
ing the above-described configuration not only exhibits excellent TFT characteristics such as field effect mobility but 
also achieves a reduced cost. 

[0089] In another embodiment of the invention, the crystalline semiconductor layer is substantially composed of sil- 
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icon or a compound of silicon and germanium. 

[0090] Silicon and a compound of silicon and germanium are readily available and easy to crystallize. Accordingly, 
the above-described configuration achieves a high quality crystalline thin film transistor at a low cost. 
[0091] The methods of producing a semiconductor device which will be described below relate to the crystalline thin 
5 film transistors which has been described above, and the advantageous effects by the methods are almost the same as 
those described above. For this reason, the detailed explanation for the advantageous effects will not be repeated 
below. 

[0092] In accordance with another aspect of the invention, there is provided a method of producing a crystalline thin 
film transistor including a crystalline semiconductor layer, the crystalline semiconductor layer comprising a channel 
10 region, a source region disposed at both sides of the channel region, and a drain region, the method comprising at least 
the steps of depositing a non-single crystalline thin film on an insulating substrate, forming a plurality of gaps for con- 
trolling an orientation of crystal growth in the non-single crystalline thin film, and irradiating the thin film in which the plu- 
rality of gaps are formed with an energy beam to crystallize the thin film. 

[0093] In the above-described method, the gaps for controlling an orientation of crystal growth may be formed in a 
15 direction linking the source region and the drain region so as to have a groove-like shape, and in addition, the gap for 
controlling an orientation of crystal growth may be divided into a plurality of gaps discontinuously formed in a direction 
linking the source region and the drain region. By employing these methods, the foregoing crystalline thin film transis- 
tors can be produced. 

[0094] In accordance with another aspect of the invention, there is provided a method of producing a crystalline thin 

20 film transistor including a crystalline semiconductor layer, the crystalline semiconductor layer comprising a channel 
region, a source region disposed at both sides of the channel region, and a drain region, the method comprising at least 
the steps of; depositing a non-single crystalline thin film on an insulating substrate, forming an early-crystallization 
region by ion-implanting an impurity in a partial region in the non-single crystalline semiconductor thin film, the impurity 
for raising a crystallization-starting temperature of the partial region, and after the step of forming an early-crystalliza- 

25 tion region, irradiating the thin film with an energy beam to crystallize the thin film. 

[0095] In the above-described method, the early-crystallization region may have a belt-like shape longitudinally 
extending in a direction linking the source region and the drain region, and in addition, the early-crystallization region is 
divided into a plurality of early-crystallization regions discontinuously disposed in a direction linking the source region 
and the drain region. By employing these methods, the foregoing crystalline thin film transistors can be produced. 

30 [0096] In addition, in each of the foregoing producing methods, the energy beam may be an excimer laser beam. 
[0097] Excimer lasers have a large light energy and is well absorbed by silicon since they are UV lights. Therefore, 
by using an excimer laser beam, crystallization of the non-single crystalline semiconductor layer can be efficiently per- 
formed. In particular, when the non-single crystalline semiconductor layer is composed of a material capable of absorb- 
ing ultraviolet rays such as silicon, it is possible to selectively heat and fuse only the semiconductor layer. Therefore, the 

35 crystallization of the semiconductor layer can be effected without causing adverse effects by heat on the regions not 
irradiated with the beam, and moreover, it is made possible to employ glass substrates, which are low in cost. Further- 
more, when an excimer laser and a thin film material capable of absorbing UV are used in combination, the temperature 
difference between the gap for controlling an orientation of crystal growth and the main portion of the semiconductor 
layer becomes large, and thereby the function of the gap for controlling an orientation of crystal growth (function for con- 

40 trolling the orientation of crystal growth) can be fully exploited. 

[0098] The present inventors have also carried out a study on methods for sufficiently growing crystals based on 
the foregoing considerations regarding the mechanism of crystallization. As a consequence, the inventors have found 
that by intentionally making uneven a distribution of the light intensity within the light beam width, crystallization can 
smoothly progress, and thereby a high quality crystalline thin film can be obtained. Based on this view, the following 

45 aspects of the present invention have been accomplished. 

[0099] In accordance with another aspect of the invention, there is provided a method of producing a semiconduc- 
tor device wherein a thin film of a non-single crystalline material formed on a substrate is irradiated with a light beam 
whereby the non-single crystalline material is crystallized or recrystallized to form a crystalline semiconductor thin film, 
the method characterized in that the light beam is such that a distribution pattern of a light energy intensity of the light 

so beam is adjusted so that a temperature gradient or an uneveness of temperature distribution is caused, and the light 
beam is applied in a stationary state. 

[0100] In the above-described method, uneveness of the temperature gradient or temperature distribution is 
caused on the surface of the non-single crystalline thin film irradiated with the light beam, and thereby it is made possi- 
ble to prevent the phenomenon that micro crystal nuclei are simultaneously formed in a wide region, the phenomenon 
55 explained previously referring to Figs. 7(0 and 7(g). Therefore, relatively large crystal grains are obtained, and even- 
ness in the degree of crystallinity is increased. Consequently, the density of grain boundaries becomes small, and field 
effect mobility is improved. 

[0101] In another embodiment of this aspect of the invention, a distribution pattern of the light energy intensity may 
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crystalline silicon thin film 210. 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a semiconductor film for use in thin film transistors (TFTs) used in liquid 
crystal displays, photosensors such as linear sensors, photovoltaic devices such as solar cells, memory LSIs for 
SRAMs (static random access memories) and the like. The invention also relates to a method and an apparatus for pro- 
ducing the semiconductor film. More particularly, the semiconductor film is a crystalline semiconductor thin film formed 
on, for example, a glass substrate or the like, by laser annealing an amorphous material or the like. The invention further 

w relates to semiconductor device using the semiconductor thin film and a method of producing the device. 

BACKGROUND ART 

[0002] Conventionally, high-quality silicon semiconductor thin films used in thin film transistors (TFTs) or the like 
15 have been fabricated on an amorphous insulating substrates by using plasma CVD methods and plasma CVD appara- 
tuses utilizing glow discharge. The hydrogenated amorphous silicon (a-Si) films produced by these manufacturing 
methods and apparatuses have been improved over many years of research and development and reached to a stand- 
ard applicable as high quality semiconductor thin films. The hydrogenated amorphous thin films have found use in elec- 
tric optical devices such as switching transistors for pixels in active matrix liquid crystal displays for lap-top or note-type 
20 personal computers, engineering workstations, and automobile navigation systems, photosensors for image sensors in 
facsimile machines, and solar batteries for electronic calculators, and in various integrated circuits. One of the most sig- 
nificant advantages of the hydrogenated amorphous silicon is that the formation with high reproducibility and stability 
on a large-area substrate is achieved at a process temperature as low as 300 °C. 

[0003] Meanwhile, the recent advancement of increased device sizes and greater pixel densities (higher defini- 
25 tions) in displays and image sensors has led to the demand for silicon semiconductor thin films that can achieve further 
high speed driving. In addition, in order to reduce device weight and manufacturing cost, such thin films should be appli- 
cable to driver elements formed in the peripheral circuit area of a liquid crystal display, which also requires the thin films 
to be capable of operating at high speed. However, the foregoing amorphous silicon shows a field effect mobility of 1 .0 
cm 2 /V • sec at best and thus cannot attain electric characteristics that can meet the requirements as mentioned above. 
30 [0004] In view of the problems, research has been conducted on techniques for improving the field effect mobility 
and the like by forming a semiconductor thin film having crystallinity, and the developed manufacturing processes 
include: 

(1) a manufacturing method in which by mixing a silane gas with hydrogen or SiF 4 , and employing a plasma CVD 
35 method, the deposited thin film is crystallized; and 

(2) a manufacturing method in which by using amorphous silicon as a precursor, the crystallization of the film is 
effected. 

[0005] In the method (1), the crystallization proceeds along with the formation of the semiconductor thin film, and 
40 the substrate must be heated to a relatively high temperature (600 °C or higher). This necessitates the use of a heat- 
resistant substrate such as costly quartz substrates, makes it difficult to use low-priced glass substrates, and therefore 
has a drawback of high manufacturing cost. Specifically, for example, Corning 7059 glass widely used in active matrix 
type liquid crystal displays has a glass transition temperature of 593 °C, and therefore if subjected to a heating treat- 
ment at 600°C or higher, the glass substrate will undergo considerable mechanical deformations such as shrinkage and 
45 strain, which makes it difficult to appropriately perform the forming processes of semiconductor circuits and the produc- 
ing processes of liquid crystal panels. Furthermore, when a multi-dimensional integration is desired, there is a possibil- 
ity of thermally damaging the previously-formed circuit area. 

[0006] In the method (2) above, an amorphous silicon thin film is formed on a substrate, and the formed thin film is 
heated to obtain a polycrystalline silicon (polycrystal silicon: p-Si) thin film. This method generally utilizes a solid phase 
so epitaxy method in which the heat treatment is performed at approximately 600 °C for a long time, and a laser annealing 
method (especially an excimer laser annealing method). 

[0007] In the solid phase epitaxy method, the substrate on which an amorphous thin film is formed needs to be 
heated and maintained at a temperature of 600 °C or higher for 20 hours or longer, and thus this method also has draw- 
backs of high manufacturing cost and so forth. 
55 [0008] In the excimer laser annealing method, an amorphous silicon thin film is irradiated with an excimer laser 
light, which is a UV light having a large light energy to cause crystallization, as disclosed in, for example, IEEE Electron 
Device Letters, 7 (1986) pp. 276-8, IEEE Transactions on Electron Devices, 42 (1995) pp. 251-7. This method thereby 
achieves, without directly heating the glass substrate, a polycrystalline silicon thin film having relatively good electrical 
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characteristics such as a high field effect mobility (higher than 100 cm 2 /V»sec). More specifically, amorphous silicon 
has a transmissivity characteristic as shown in Fig. 1 and, for example, shows an absorption coefficient of about 10 6 
cm" 1 for a laser beam having a wavelength of 308 nm by a XeCI excimer laser. Therefore, most of the laser beam is 
absorbed in the layer from the surface to a depth of about 100 A, the substrate temperature is not raised significantly 

5 (to approximately not higher than 600 °C), and amorphous silicon alone is brought to a high temperature to cause crys- 
tallization (polycrystallization or single crystallization). This allows the use of low-cost glass substrates. In addition, it is 
possible to irradiate a limited area of the substrate with the light beam to crystallize, and this allows a multi-dimensional 
integration in which a pixel region not requiring high speed characteristics so much is left to be an amorphous thin film, 
while a peripheral region of the pixel region is crystallized so as to form a driver circuit thereon. Further, it is also pos- 

10 sible to form high quality crystalline thin films in a specific region on a substrate one after another, without thermally 
damaging the circuits already formed on the substrate. Furthermore, this technique permits the integration of CPUs 
(central processing units) and the like on the same substrate. 

[0009] As an example of a semiconductor device using p-Si as described above, explained below is a typical con- 
struction of a TFT and a manufacturing method thereof. 

15 [001 0] Figs. 2(a) and 2(b) schematically show a TFT 1 1 0 having a coplanar structure. Fig. 2(a) is a plan view of the 
TFT 110, and Fig. 2(b) is a cross sectional view thereof taken along the line P-P' in Fig. 2(a). As shown in Figs. 2(a) and 
2(b), the TFT 110 has an insulating substrate 111 on which there are provided a undercoat layer 112, a p-Si film 113, 
a first insulating film (gate insulting film) 114, a second insulating film 116, and three electrodes, namely, a gate elec- 
trode 115, a source electrode 117s, and a drain electrode 117d. The p-Si film 113 is a crystalline semiconductor layer 

20 composed of Si (silicon). The p-Si film 1 13 is formed on the undercoat layer 112, patterned in a predetermined shape. 
The p-Si film 113 comprises a channel region 113a, a source region 113b, and a drain region 113c, and the source 
region 113b and the drain region 113c are disposed on both sides of the channel region 113a. The source region 113b 
and drain region 113c are formed by doping impurity ions such as phosphorus ions and boron ions. 
[0011] The first insulating film 114 is made of, for example, silicon dioxide (Si0 2 ), and is formed over the p-Si film 

25 113 and the undercoat layer 112. The gate electrode 1 15 is a metal thin film made of, for example, aluminum (Al) or the 
like. The gate electrode 1 15 is disposed above the first insulating film 1 14 at the position corresponding to the channel 
region 113a of the p-Si film 113. The second insulating film 116 is made of, for example, Si0 2 , and stacked above the 
gate electrode 115 and the first insulating film 114. 

[0012] The first insulating film 114 and the second insulating film 1 16 each have a contact hole 118 formed so as 
30 to reach the source region 113b or the drain region 113c in the p-Si film 113. Via the contact hole 118, the source elec- 
trode 1 1 7s and the drain electrode 1 1 7d are in contact with the source region 1 1 3b or the drain region 1 1 3c. In a region 
not being the cross section shown in the figure, the gate electrode 115, the source electrode 117s, and the drain elec- 
trode 117d are patterned in a predetermined shape to form a wiring pattern. 

[001 3] The TFT 1 1 0 is produced in the following manner. First, the undercoat layer 112, made of for example Si0 2 , 
35 is formed on the insulating substrate 111. This prevents impurities from diffusing into a p-Si film 133 to be formed Later. 
Next, on the undercoat layer 1 12, an a-Si film (not shown) as the foregoing amorphous silicon is deposited by, for exam- 
ple, a plasma CVD method. The a-Si film is then patterned into a predetermined shape by etching. It is noted that the 
patterning may be performed after the crystallization. Thereafter, the a-Si film is irradiated with an excimer laser having 
a short wavelength, and cooled (laser annealing). Thereby, the a-Si film is modified, i.e., the a-Si film is polycrystallized 
40 to form a p-Si film 113. Note here that the a-Si film has a large light absorption coefficient in a short wavelength range, 
and therefore, by employing an excimer laser as the energy beam, it is possible to selectively heat the a-Si film alone. 
Accordingly, temperature rise of the insulating substrate 111 is suppressed, and this leads to an advantage that low- 
cost substrates such as glass substrates can be employed for the insulating substrate 111. 

[0014] On the p-Si film 1 1 3 thus formed, the first insulating film 1 14 is deposited by an atmospheric pressure CVD 
45 (chemical vapor deposition) method, and the gate electrode 115 is formed on the first insulating film 114. Thereafter, 
using the gate electrode 1 15 as a mask, impurity ions for serving as either donors or acceptors, specifically, such impu- 
rity ions as phosphorus ions and boron ions, are implanted into the p-Si film 113 by using, for example, an ion doping 
method. Thus, on the p-Si film 113, the channel region 113a, the source region 113b, and the drain region 113c are 
formed. 

so [0015] Next, the second insulating film 1 16 is formed on the gate electrode 115. Thereafter the contact holes 118 
are formed, and aluminum, for example, is deposited, and patterning is performed to form the source electrode 117s 
and the drain electrode 117d. 

[001 6] The pulsed type laser such as the excimer laser used in the forming process of p-Si films as described above 
has a large output power, and by irradiating the substrate with the laser light in such a manner that the substrate is 
55 scanned by the laser light with a line-like shape while the substrate is being moved, a large-area amorphous silicon can 
be crystallized at one time, which is an advantage in the large-scale production of semiconductor devices. However, 
such a laser has a drawback that it is difficult to improve quality of the formed crystals. Specifically, a laser of this type 
has a very short irradiation time for 1 pulse, namely approximately several ten nanoseconds, and causes a large tem- 



3 



EP 1 049 144 A1 



perature difference between a time during which the irradiation is performed and a time during which the irradiation is 
not performed is large, and thereby, the fused silicon film crystallizes during the process of being rapidly cooled. Accord- 
ingly, the control of a degree of crystal growth and a crystal orientation is difficult, which leads to many drawbacks as 
follows: sufficient crystal growth tends not to occur, thereby crystal grain sizes are reduced and densities of grain 

5 boundaries are increased, uneveness in crystals is increased, and further crystal defects tend to increase. More spe- 
cifically, in the process of cooling after the irradiation with the laser, crystal nuclei are formed in a disorderly manner, 
and the disorderly-formed crystal nuclei in turn grow in disorderly directions. The crystal growth stops in a state where 
crystal grains collide with each other. The crystal grains formed through such a growth process results in small grains 
having random shapes. Consequently, in the resulting poly-Si film, a large number of grain boundaries are present and 

10 therefore charge carriers cannot transfer smoothly, which causes the film to have poor TFT characteristics such as field 
effect mobilities. 

[001 7] Now, the mechanism of the crystal growth and the reasons why a good crystal growth is difficult to attain are 
detailed below. The aforesaid excimer laser is generated by exciting a mixed gas containing a rare gas such as Xe and 
Kr and a halogen such as CI and F with the use of an electron beam. However, the laser as it is cannot be suitably used. 
15 By using an optical system called a beam homogenizer, the light beam generally used in laser annealing is shaped into 
a light beam having a homogeneous light intensity and having a line-like shape or a rectangular shape with each line 
segment being about several centimeters. The light beam thus shaped is employed for the technique in the crystalliza- 
tion of non-single crystalline thin films (normally, amorphous thin films), the technique in which the substrate is scanned 
with the light beam. 

20 [0018] Yet, this technique has several problems to be solved, such as poor uniformity in crystal grain sizes and in 
crystallinity, unstable transistor characteristics, and low field effect mobilities. In view of these problems, the following 
techniques have been suggested. 

(1) By covering part of the surface to be irradiated with a reflective film or absorption film so as to control light 
25 absorption on the surface of the thin film, a light intensity distribution is formed to guide an orientation of crystal 

growth. 

(2) A substrate is heated (at 400 °C) and the laser is applied to the heated substrate, so that a smooth crystalliza- 
tion takes place. (Extended Abstracts of the 1991 International Conference on Solid State Devices and 

30 Materials, Yokohama, 1991, pp. 623-5) 

[0019] Additionally, a technique disclosed in Jpn. J. Appl. Phys. 31 (1992) pp. 4550-4 is also known. 
[0020] As shown in Fig. 3, a glass substrate 121 having a precursor semiconductor thin film 122 formed thereon is 
placed on a substrate stage 124. With a substrate stage 124 heated at about 400°C by a substrate heater 125, a laser 
beam 123a of an excimer laser 123 is applied to the precursor semiconductor thin film 122. The additional heating of 

35 the glass substrate in the irradiation with laser beam achieves high crystal quality, i.e., relatively large and uniform crys- 
tal grains, thereby improving the electrical characteristics. 

[0021] Technique (1) described above can be employed to obtain a single crystal, whereas technique (2) above is 
relatively easy to implement and can suppress the variation of field effect mobilities within ± 10%. However, these tech- 
niques have the following problems and cannot meet the requirements in recent technical trends towards multi-dimen- 

40 sional integration and further cost reduction. 

[0022] Specifically, technique (1) above requires a step of providing a reflective film etc., which complicates the 
manufacturing process and adds the manufacturing cost. Furthermore, since providing a reflective film etc. in a narrow, 
limited space is difficult, crystallization of specific regions with a very small size is accordingly problematic. 
[0023] On the other hand, technique (2) involves a step of heating the substrate, which reduces the productivity. 

45 Although the substrate is not heated at such a temperature as required in a solid phase epitaxy method, the step of 
heating and cooling the substrate takes a long time (30 minutes to 1 hour, for example), which reduces the throughput. 
This problem becomes more serious as a substrate area increases, since a larger substrate requires a longer time for 
heating and cooling to alleviate the deformation of the substrate. In addition, this technique can reduce the variation of 
field effect mobilities to a certain extent, but cannot sufficiently increase the field effect mobilities per se, and therefore 

so it is not suitable for producing circuits in which high speed operation is required. In order not to cause the deformation 
etc. of the glass substrate, the substrate cannot be heated in excess of 550 °C, and therefore it is difficult to attain fur- 
ther higher crystal quality. Moreover, this technique involves heating the entire substrate, and therefore is not suitable, 
for the crystallization in a limited region (specific region) on the substrate. 

[0024] As has been described above, both techniques (1 ) and (2) above have problems such as high manufacturing 
55 cost. Particularly, techniques (1) and (2) above (including other prior art techniques) have a significant problem of the 
difficulty in realizing diverse and multi-dimensional layer stacking. In other words, the methods for controlling the tem- 
perature distribution employed by these techniques are not suitable for selectively forming on a single substrate both a 
circuit region where high speed operation is required (polycrystallized region) and another circuit region where not such 
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high speed is required (amorphous region). For this reason, by these techniques, it is difficult to achieve both a high 
degree of integration and cost reduction at the same time. 

[0025] The technique capable of crystallizing only a predetermined limited region is useful, and this will be elabo- 
rated upon now. Prior art laser annealing methods have employed a light beam having such a characteristic that the 

5 side (edge) of the beam is steep, and the top is flat (the energy intensity per unit area is uniform), as shown in Fig. 4. 
Poly-Si thin films produced with the use of such a light beam have been conventionally seen as sufficient for the require- 
ments for forming switching circuits and the like for pixel electrodes, for which such high speed operation is not required. 
[0026] However, in the case of integrally forming the elements requiring high speed operation such as CPUs as well 
as a gate driving circuit and a source driving circuit on a single substrate, the polycrystalline thin films of the quality real- 

w ized by the prior art technique are unsatisfactory. For example, the pixel region of LCDs generally requires a mobility of 
about 0.5-10 cm 2 /Vs, whereas the peripheral driving circuits for controlling the pixels, such as gate circuits and source 
circuits, require a mobility as high as about 100-300 cm 2 /Vs. In spite of such requirements, the prior art technique uti- 
lizing the light beam having the above-described characteristic cannot achieve high mobilities constantly. In other 
words, generally in polycrystalline silicon thin films, higher transistor characteristics are attained as the crystal grain size 

15 is increased, but the above-described polycrystallization treatment cannot attain sufficient transistor characteristics. 
[0027] The reason is that when the light beam having the above-described characteristic is employed, uneveness 
in crystal grains and crystallinity is increased, and in addition, when the irradiation intensity and the number of times of 
the irradiation are increased to improve the crystallization, the crystal grain sizes become more uneven, further varying 
the crystallinity. The cause of this problem will now be discussed in detail below. 

20 [0028] Fig. 5 schematically shows the distribution of crystallinity in the case where the above-described rectangular 
light beam is applied to an amorphous silicon thin film formed on a substrate. In Fig. 5, the numeral 1701 refers to the 
boundary of the irradiation beam, the numerals 1702 and 1704 refer to the portions where the crystallinity is low, and 
the shaded portion 1703 indicates the portion where the crystallinity is high. As shown in Fig. 5, by the prior art method 
utilizing an excimer laser having a uniform energy intensity, the crystallinity shows such a distribution pattern that only 

25 the shaded portion 1 703 slightly inside the boundary of the irradiation light shows high crystallinity, whereas the crys- 
tallinity is low in the other portions (the adjacent portion 1702 to the boundary, and the central portion 1704) show low 
crystallinity. This has been confirmed by micro-Raman spectroscopy. 

[0029] Fig. 6 shows the measurement result of Raman intensity on the portion along the line A-A in Fig. 5. The 
abrupt peaks in Fig. 6 existing slightly inside the boundary indicate that the crystaliinities in these portions are high. In 

30 addition, the absence of peaks in the central portion shows that the crystallinity in the central portion is low. 

[0030] Referring now to Fig. 7, the mechanism of such uneveness in crystallinity will be discussed below. An amor- 
phous silicon thin film is irradiated with a light beam to heat the thin film so that the temperature of the thin film is 
increased above the melting point temperature of silicon (about 1400 °C or higher), and thereafter the light irradiation 
is stopped. Thereby, the temperature of the thin film decreases by heat dissipation, and in this process, the fused silicon 

35 crystallizes. Here, when the light beam has a uniform distribution of the light intensity as in Fig. 7(a), the surface of the 
irradiated thin film shows a temperature distribution pattern as in Fig. 7(b). That is, a flat temperature region in which no 
temperature gradient is present is formed in the central portion, and an abrupt temperature gradient is formed in the 
peripheral regions since the heat escapes outside. In this case, when the temperature of the central portion is higher 
than the melting point of silicon, the temperature in the portions adjacent to the intersection points of the temperature 

40 distribution curve 1901 and the crystallization temperature line 1902 (adjacent portions to the boundary) reaches the 
crystallization temperature first after the irradiation is stopped. Therefore, crystal nuclei 1903 are formed in the vicinity 
of these portions (see Fig. 7(c)). In other words, the temperature of the amorphous silicon film is increased at a temper- 
ature higher than the melting point, and when the amorphous silicon thin film is fused and then solidified in the regions 
heated above the melting point, crystallization occurs, resulting in polycrystallization. Following this, as the temperature 

45 further decreases (Fig. 7(d)), the crystallization further proceeds from the crystal nuclei 1903 as the starting points 
towards the central portion, where the temperature has not yet reach the crystallization temperature (Fig. 7(e)). In the 
case of using the light beam having a uniform energy intensity, the temperature decreases in such a manner that no 
temperature gradient in the surface direction in the central portion is present, as shown in Figs. 7(b), 7(d), and 7(0. 
Accordingly, at a certain point during the temperature decrease, a relatively wide region reaches the crystallization tem- 

50 perature at one time (Fig. 7(f)), and the crystal nuclei can be formed at any point of the wide region 1904 with an equal 
probability. Therefore, as shown in Fig. 7(g), micro crystal nuclei are simultaneously formed on the entire surface of the 
region 1904, and as a result, a poly-Si thin film made of a multiplicity of microcrystal grains is formed. Such a poly-Si 
thin film inevitably has a large density of grain boundaries. Therefore, the degree of carriers being caught in the grain 
boundaries increases, reducing the field effect mobility. It is noted that in Fig. 7(c), the numeral 1900 represents a cross 

55 section of the thin film. 

[0031] The above-described mechanism for the uneveness of crystallinity being caused also applies to the case of 
employing a line-like laser beam for the irradiation, as shown in Fig. 8. Fig. 8(a) illustrates the distribution of energy den- 
sities in the directions x and y of an excimer laser to be used. Fig. 8(b) shows the distribution of the increased temper- 
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atures of the amorphous silicon thin film irradiated with the excimer laser having such energy densities. Fig. 8(c) is a 
perspective view of a polycrystalline silicon thin film transistor irradiated with the laser as shown in Figs. 8(a) and 8(b). 
As seen from these figures, since the laser having such an energy distribution as shown in Fig. 8(a) is employed, the 
region to be irradiated shows a temperature distribution almost uniform along the y direction, but shows such a temper- 

5 ature distribution in the x direction that the central portion is high and both side portions are low, as shown in Fig. 8(b). 
Due to such a temperature distribution, the crystallization proceeds from the peripheral regions towards the central 
region along the x direction, and the crystallization growth fronts of the numerous formed crystal nuclei from both 
peripheral regions meet at the central region. Therefore, as shown in Fig. 8(c) which schematically illustrates the state 
of the crystallization in the polycrystalline silicon thin film, although the crystal grain size is large in the regions where 

10 the line beam energy density of the laser beam is low, the grain size becomes small in the region where the energy den- 
sity is high (the central region). For reference, in Fig. 8 (c), the numeral 131 designates the transparent insulating sub- 
strate, the numeral 134 the polycrystal silicone thin film, and the numeral 141 the crystal grains. The numeral 139 refers 
to an insulating film which generally composed of a silicon dioxide (Si0 2 ) film, and the numeral 140 represents the 
amorphous silicon thin film. 

15 [0032] Although, for the sake of brevity, the above-described example describes a case where the energy beam is 
applied only one time, the same explanation applies to such cases that the energy beam is applied a plurality of times. 
[0033] In addition to the difficulty in improving field effect mobilities, prior art laser annealing methods have other 
drawbacks of the difficulty in improving the uniformity in quality of semiconductor films and of the difficulty in meeting 
both these requirements. 

20 [0034] Referring now to Fig. 9, a prior art leaser annealing apparatus is described below. In Fig. 9, the numeral 151 
designates a laser oscillator, the numeral 152 a reflector, the numeral 153 a homogenizer, the numeral 154 a window, 
the numeral 155 a substrate having an amorphous silicon layer formed thereon, the numeral 156 a stage, and the 
numeral 157 a control unit. The laser annealing apparatus is so constructed that a laser light emitted from the laser 
oscillator 151 is guided to the homogenizer 153 by the reflector 152, and the laser beam shaped by the homogenizer 

25 153 in a predetermined shape with a uniform energy is applied through the window 154 onto the substrate 155 fixed on 
the stage 156 in the treatment chamber. 

[0035] When performing an annealing treatment with the use of the above-described annealing apparatus, 
because it is difficult to irradiate the entire substrate surface with a laser beam at one time, the regions to be irradiated 
is in turn staggered so that the region to be irradiated overlaps with the already irradiated region, in order to irradiate 

30 the entire substrate surface under the same condition. See for example, I. Asai, N. Kato, M. Fuse, and T. Hamano, Jpn. 
J. Apl. Phys. 32 (1993) p. 474. However, in such a laser annealing method, in which the laser beam is applied in such 
a manner that the regions to be irradiated are in turn staggered so that the region to be irradiated overlaps with the 
already irradiated region, increasing the laser energy density can lead to an increase in the mobility, which is one of the 
evaluation standards for semiconductor film characteristics, thereby increasing the film quality as a whole. However, the 

35 increased laser energy density also increases non-uniformity of the film quality at the overlapped regions, thus degrad- 
ing the uniformity of the semiconductor film as a whole. On the other hand, when a relatively low energy density is 
employed in the laser irradiation, improving the uniformity of the film quality becomes easier, but because of the low 
energy density, increasing the field effect mobility becomes difficult. 

[0036] Accordingly, in the case of employing a substrate having TFTs formed thereon for a liquid crystal display as 
40 schematically shown in Fig. 10, it has been difficult to form a semiconductor film which satisfies both uniformity of the 
film quality, required for an image display region 158 having a relatively large area, and field effect mobilities, required 
for a peripheral circuit (driver circuit) region 159. It is to be noted here that as a solution to this problem, U.S. Pat. No. 
5,756,364 suggests that the image display region 158 and the peripheral circuit region 159 be irradiated with laser 
beams with different intensities. However, by merely varying the laser beam intensities, it is still difficult to obtain a field 
45 effect mobility sufficient for the peripheral circuit region 159. 

[0037] Hence, as has been described above, prior art laser annealing methods have the following drawbacks. Con- 
trolling crystal grain sizes and crystal orientations is difficult and thereby forming semiconductor thin films having high 
crystal quality, i.e., large and uniform crystal grain sizes and few crystal defects. In addition, the reduction in manufac- 
turing cost by increasing throughputs is difficult. Furthermore, prior art methods cannot achieve the improvement in film 
so characteristics of semiconductor thin films (field effect mobilities etc.) and the uniformity of the film quality at the same 
time. 

[0038] In view of the foregoing and other problems of prior art, it is an object of the present invention to provide a 
method of producing a semiconductor thin film that can achieve a semiconductor thin film having a high crystal quality 
without sacrificing throughputs, and can also achieve both an improvement in film characteristics and a uniformity in film 
55 quality in the semiconductor thin film at the same time. 

[0039] It is another object of the present invention to provide an apparatus for producing such a semiconductor thin 
film. 

[0040] It is further another object of the present invention to provide a thin film transistor having excellent TFT char- 
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acteristics such as field effect mobilities and the like, by utilizing the semiconductor thin film. 

[0041] It is yet another object of the present invention to provide a method for producing such a thin film transistor. 
[0042] It is to be noted here that the term "crystallization" as used herein means both single crystallization and poly- 
crystallization, and that a method for producing a crystalline semiconductor thin film according to the present invention 
5 is particularly useful in producing poly-Si thin films. 

DISCLOSURE OF THE INVENTION 

[0043] In view of the foregoing and other problems of prior art, it is an object of the present invention to provide a 
10 method of producing a semiconductor thin film that can achieve a semiconductor thin film having a high crystal quality 
without causing the reduction in throughputs, and can also achieve both an improvement in film characteristics and a 
uniformity in film quality in the semiconductor thin film at the same time. 

[0044] It is another object of the present invention to provide an apparatus for producing such a semiconductor thin 
film. 

15 [0045] It is further another object of the present invention to provide a thin film transistor having excellent TFT char- 
acteristics such as field effect mobilities and the like, by utilizing the semiconductor thin film. 

[0046] It is yet another object of the present invention to provide a method for producing such a thin film transistor. 
[0047] In order to provide a solution to the foregoing problems, the present inventors have, as a result of intensive 
studies, found a method of forming at least a region in which a transistor is formed into a polycrystalline silicon thin film 

20 having a large grain size, based on the consideration that a cause of crystal grains in a polycrystalline silicon thin film 
being undesirably small is a temperature variation in the silicon thin film heated by irradiating with an excimer laser. 
[0048] More specifically, the present inventors have reached the following idea; when performing a polycrystalliza- 
tion treatment by laser, by providing a region having a high thermal conductivity on both sides of the region in which a 
transistor is formed so as to sandwich the transistor-forming region, the temperature of the peripheral regions sand- 

25 wiching the transistor-forming region is made higher than the temperature of the transistor-forming region, which makes 
the temperature of the transistor forming region lower relative to the peripheral regions, and thereby the silicon film in 
the transistor-forming region is initially crystallized to increase crystal grain sizes. 

[0049] Accordingly, in accordance with a first aspect of the invention, there is provided a method of producing a 
semiconductor thin film comprising the steps of stacking on a substrate a first insulating film having a first thermal con- 
so ductivity and a second insulating film having a second thermal conductivity being different from the first thermal con- 
ductivity, the second insulating film selectively formed in a partial region on the substrate, stacking a non-single crystal 
semiconductor thin film over the first insulating film and the second insulating film, and irradiating the non-single crystal 
semiconductor thin film with an energy beam to effect a crystal growth. 

[0050] Specifically, for example, in an insulating film under an amorphous silicon thin film, a thermal conductivity of 
35 a region in which a transistor is formed is made different from a thermal conductivity of other regions, and thereby a 
thermal conductive performance of the amorphous silicon thin film in the region in which a transistor is formed is made 
higher than that of the amorphous silicon thin film in the other regions. 

[0051] By employing this method, in the polycrystallization, the temperature of the silicon thin film in the region 
where a transistor is formed is lower than that of the other regions, and as a result, crystallization starts from the region 
40 in which a transistor is formed. Consequently, a grain size of the polycrystalline silicon in the region in which a transistor 
is formed can be made large. 

[0052] In accordance with another aspect of the invention, in at least a part of a peripheral edge of the semiconduc- 
tor thin film, at least one protruding part extending towards a horizontal direction with respect to the semiconductor film 
may be provided. 

45 [0053] Now, for a better understanding of the present invention, an approach which the inventors have taken to 
reach the present invention is described below. First, the present inventors made strenuous efforts in order to discover 
the cause of the foregoing problems in prior art, and reached the following factors as the cause. Generally, the genera- 
tion of crystal nuclei and the crystal growth are effected by heating a semiconductor film by an annealing treatment and 
thereafter cooling the semiconductor film. In the prior art, the semiconductor film is almost uniformly cooled after the 

50 annealing treatment regardless of whether it is in the central region or in the peripheral region, and as a result, crystal 
nuclei start to develop at random positions almost at one time. It is considered that this makes it difficult to control crys- 
tal grain sizes and crystal orientations. Also for the same reason, crystal nuclei start to develop at relatively adjacent 
positions almost at one time and thereby the crystals tend to interfere with each other in the process of crystal growth. 
This makes it difficult to obtain a sufficient crystal grain size. 

55 [0054] Based on the above factors, the present inventors have made strenuous studies and reached a technical 
idea of the present invention that "the formation of crystal nuclei in the peripheral region in the semiconductor film is 
started earlier than the formation of crystal nuclei in the central region, and thereafter the crystal nuclei formed in the 
peripheral region are grown towards the central region before crystal nuclei start to form or grow, in order to control 
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crystal grain sizes and crystal orientations and to obtain a sufficient crystal grain size by preventing the crystals under- 
going crystal growth from interfering with each other." 

[0055] More specifically, in accordance with this aspect of the invention, in the semiconductor film after the anneal- 
ing treatment, the heat accumulated in the protruding part in the peripheral edge diffuses in a plurality of outward direc- 

5 tions with regard to a horizontal plane (for example, in three directions in the case of the protruding part having a 
rectangular shape), whereas the heat accumulated in the central region can escape, with regard to a horizontal plane, 
only in the directions towards the peripheral edge, which has not yet been cooled, and therefore the peripheral edge 
region, including the protruding part, can be cooled sufficiently earlier than the central region. 
[0056] Accordingly, the crystal nuclei in the peripheral edge region start to form earlier than those in the central 

10 region, and the crystal nuclei in the peripheral region grow towards the central region before crystal nuclei are formed 
or grown in the central region, which makes it possible to control crystal grain sizes and crystal orientations. Thereby, it 
is prevented that the crystals in the process of crystal growth interfere with each other, and a sufficient crystal grain size 
can be obtained. 

[0057] In another embodiment of this aspect of the invention, the protruding part may have a size such that one 
15 crystal nucleus is formed when crystal growth takes place by irradiating with the energy beam. Accordingly, only one 
crystal nucleus is formed in the protruding part, and the crystal nucleus is grown to be a crystal. In still another embod- 
iment of this aspect of the invention, a length of said protruding part in a direction of protruding is greater than a film 
thickness of said semiconductor thin film, and equal to or less than 3 urn, or a width of the protruding part in a width 
direction perpendicular to the direction of protruding is greater than the film thickness of the semiconductor thin film, 
20 and equal to or less than 3 urn. Accordingly, the crystal grain size is further finely adjusted, and it is ensured that one 
crystal nucleus is formed in each protruding part. 

[0058] In another embodiment of this aspect of the invention, the semiconductor thin film may be formed in a shape 
having a pair of line segments opposed to each other; two or more of the protruding parts may be formed in each of the 
pair of line segments; and an interval of the protruding parts next to each other in each of the pair of line segments may 

25 be set to be approximately equal to an interval of the opposing line segments. 

[0059] Accordingly, the crystal nucleus formed and grown in the protruding part further grows towards the central 
region, and it is expected that crystal growth is effected such that both the crystals grown from the protruding parts next 
to each other towards the central region and the crystals grown from the protruding parts in the opposed line segments 
towards the central region are grown with a minimum interference with each other. . 

30 [0060] In another embodiment of this aspect of the invention, there is provided a semiconductor device comprising 
a semiconductor thin film wherein crystals are grown by irradiating a non-single crystal semiconductor thin film with an 
energy beam, characterized in that a protruding part is formed in a peripheral edge region of the semiconductor thin 
film, the protruding part extending outwardly in the same plane as a plane of the semiconductor thin film. 
[0061] In the above device, a thin film transistor having a source region, a gate region, and a drain region each 

35 made of the semiconductor thin film may be formed, and the protruding part may be formed at least in a peripheral edge 
region of the gate region. 

[0062] Accordingly, the protruding part is provided in the region corresponding to the gate electrode, and thereby a 
good electrical conductivity is obtained. 

[0063] In another embodiment of the invention, there is provided a method of producing a semiconductor thin film, 
40 comprising the steps of forming a non-single crystal semiconductor thin film having a protruding part extending out- 
wardly in the same plane as a plane of the non-single crystal semiconductor thin film, and growing crystals in the non- 
single crystal semiconductor thin film by irradiating with an energy beam. 

[0064] In a semiconductor film produced according to the above-described method, the same advantageous effects 
as described above are attained. 
45 [0065] In another embodiment of the invention, crystal nuclei in a peripheral region in the non-single crystal semi- 
conductor thin film are formed earlier than crystal nuclei in a central region in the non-single crystal semiconductor thin 
film, and thereafter, the crystal nuclei in the peripheral region are grown towards the central region before the crystal 
nuclei in the central region start to be formed or grown. Thereby, it is made possible to control crystal grain sizes and 
crystal orientations. 

so [0066] This achieves a sufficient crystal grain size since it is prevented that crystals in the process of crystal growth 
interfere with each other. 

[0067] In order to the foregoing and other problems in prior art, the present invention also provides a crystalline thin 
film transistor including a crystalline semiconductor layer formed on a substrate, the crystalline semiconductor layer 
comprising a channel region, a source region disposed at both sides of the channel region, and a drain region, wherein 
55 the crystalline semiconductor layer is such that a non-single crystalline thin film is crystallized, and at least in the chan- 
nel region in the crystalline semiconductor layer, a gap for controlling an orientation of crystal growth is provided. 
[0068] In the above-described configuration, a gap for controlling an orientation of crystal growth formed in the 
channel region controls an orientation of crystal growth in the channel region when the non-single crystalline thin film 
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is crystallized. Accordingly, in the crystalline semiconductor layer having such a gap for controlling an orientation of 
crystal growth, shapes and density of grain boundaries of the crystals are preferably controlled, and hence the crystal- 
line thin film transistor exhibits excellent TFT characteristics, such as field-effect mobility. 

[0069] It is to be noted here that the gaps for controlling an orientation of crystal growth is a depressed part formed 
5 on the surface of crystalline semiconductor layer (non-single crystalline thin film in the process of fabrication), and the 
depressed part may extend to a lower layer under the crystalline semiconductor layer (the surface of the substrate or 
the undercoat layer) or may not extend to the lower layer. The sizes and shapes thereof are not particularly restricted, 
and therefore may be suitably adjusted depending on the surface area and thickness of the crystalline semiconductor 
layer, a desired field effect mobility, and so forth. Examples of the surface shapes thereof include a circular shape, a 
10 square-shaped hole, a long and narrow groove, and so forth, and examples of the cross-sectional shape thereof include 
a C-like shape, a V-like shape, and an angular C-like shape. The detail of the gap for controlling an orientation of crystal 
growth wilt be described later. 

[0070] In another embodiment of the invention, there is provided a crystalline thin film transistor including a crystal- 
line semiconductor layer formed on a substrate, the crystalline semiconductor layer comprising a channel region, a 
15 source region disposed at both sides of the channel region, and a drain region, wherein the crystalline semiconductor 
layer is such that a non-single crystalline thin film is crystallized, wherein the gap for controlling an orientation of crystal 
growth is divided into two or more arrays of groove-like gaps provided in a direction linking the source region and the 
drain region. 

[0071] In this configuration, two or more arrays of groove-like gaps functions so that the orientation of crystal growth 
20 is guided in the direction linking the source region and the drain region, and the resulting poly-Si film becomes an aggre- 
gate of large crystal grains longitudinally extending in the direction linking the source region and the drain region. Such 
a poly-Si film has a small density of grain boundaries in the direction linking the source region and the drain region and 
therefore exhibits a high carrier mobility. In other words, the crystalline thin film transistor having the above-described 
configuration has excellent characteristics such as carrier mobilities. 
25 [0072] Now, referring to Figs. 1 1 and 20, there is detailed the reason why by providing the gap for controlling an ori- 
entation of crystal growth, large crystal grains in which the orientation of crystal growth is controlled are obtained. 
[0073] As shown in Figs. 20(a) and 20(b), on a surface of non-single crystalline thin film, which is a precursor mate- 
rial of the crystalline semiconductor layer, two or more arrays of groove-like gaps for controlling an orientation of crystal 
growth (denoted by the reference numeral 411) are formed in the direction linking the source region and the drain 
30 region, and thereafter an energy beam capable of being absorbed is applied to the thin film in a conventional manner. 
The resulting temperature distribution on the surface of the thin film is as follows; the gaps for controlling, the region 
adjacent thereto, and the peripheral edge region show a low temperature, and the main portion of the channel region 
(a region of the thin film where the gap for controlling an orientation of crystal growth is not formed) shows a high tem- 
perature. 

35 [0074] The reason is that, since the groove region (gaps for controlling an orientation of crystal growth) has a 
smaller film thickness than the other regions or has no thin film thereon, less energy beam is absorbed in the groove 
region, and as a result the temperature of the groove region becomes lower than the other regions. In addition, normally, 
because no thin film exists outside the semiconductor thin film, which leads to less absorbed energy beam, and also 
because heat diffuses outward in the peripheral edge region, the temperature of the peripheral edge region becomes 

40 lower than the central region of the thin film. 

[0075] There is now described below a process of crystal growth in the non-single crystalline thin film having a tem- 
perature distribution such that the gap for controlling an orientation of crystal growth and the peripheral edge region 
show a low temperature. It is noted that in prior art as well, the peripheral edge region of non-single crystalline thin film 
shows a low temperature, and therefore the explanation here concerns with the relationship between orientations of 

45 crystal growth and the gap for controlling an orientation of crystal growth, with reference to Figs. 1 1(a) and 1 1(b). 

[0076] Figs. 11(a) and 11 (b) schematically illustrate a state of the crystal growth. First, crystal nuclei are formed in 
a peripheral region of the gap for controlling an orientation of crystal growth, where the temperature is lower than that 
of the main portion. Then, the crystal nuclei grow in a direction towards a region having a higher temperature, i.e., in a 
direction away from the groove-like gap for controlling an orientation of crystal growth (a perpendicular direction to the 

so groove), as the temperature of the whole thin film falls. Note here that in the above-described configuration, two or more 
array of the gaps for controlling an orientation of crystal growth are provided in the direction linking the source region 
and the drain region, and therefore, the crystal nuclei formed in the regions adjacent to the two gaps an orientation of 
crystal growth opposed to each other grow towards the center of the main portion of the channel region from the oppo- 
site directions. Therefore, both crystal grains collide with each other in the vicinity of the center of the main portion of 

55 the channel region. However, the central region, being far from the gap for controlling an orientation of crystal growth, 
has still a higher temperature than the other regions and therefore is in a state where molecules therein can still freely 
move. Accordingly, the orientation of crystal growth is guided to the direction in which the collision is avoided, i.e., the 
direction linking the source region and the drain region (the direction parallel to the groove, see Fig. 11a). As a result, 
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a large crystal grain is formed so as to longitudinally extend in the direction linking the source region and the drain 
region (see Fig. 1 1 b). When the channel region is composed of an aggregate of the crystal grains having such a shape, 
the density of grain boundaries in the direction linking the source region and the drain region becomes small, and there- 
fore a crystalline thin film transistor having excellent TFT characteristics such as field effect mobility can be formed. 

5 [0077] In another embodiment of the invention, the gap for controlling an orientation of crystal growth may be 
divided into a plurality of gaps discontinuously provided in a direction linking the source region and the drain region. 
[0078] When a plurality of gaps for controlling an orientation of crystal growth are discontinuously arranged, crystal 
growth is more finely controlled, and in particular, when two or more arrays of gaps for controlling an orientation of crys- 
tal growth are arranged, grain sizes and shapes of the crystals are further finely controlled. The reasons for this are as 

10 follows. 

[0079] As described above, crystal nuclei are formed in the vicinity of the gap for controlling an orientation of crystal 
growth, in which the temperature decreases to a crystallization temperature earlier. Here, if the intervals between the 
crystal nuclei are narrow, the crystal growth is hindered since crystals collide with other crystals before they sufficiently 
grow, and this results in a polycrystal made of a multiplicity of micro-crystal grains and a distorted crystal structure in 
15 the vicinity of the boundaries where crystal grains collide with each other. For this reason, desired TFT characteristics 
cannot be obtained. Accordingly, in order to improve TFT characteristics such as field effect mobility, it is necessary that 
the density of crystal nuclei to be formed should be appropriately controlled, in addition to the control of the orientation 
of crystal growth. 

[0080] Here, if the gaps are arranged in a discontinuous manner, although crystal nuclei are formed in the vicinity 
20 of the gaps, they are not easily formed in intermediate regions between a gap and the next gap. Thus, by adjusting the 
number of the gaps and/or the intervals between the gaps, the density of crystal nuclei to be formed can be controlled. 
It is noted that the reason why crystal nuclei are not easily formed in the intermediate region between a gap and the 
next gap is that the intermediate region (the region where the thin film material is present) is sufficiently heated by laser 
irradiation. 

25 [0081] In accordance with another aspect of the invention, there is provided a semiconductor device including a 
crystalline semiconductor layer formed on a substrate, the crystalline semiconductor layer comprising a channel region, 
a source region disposed at both sides of the channel region, and a drain region, the semiconductor device wherein the 
crystalline semiconductor layer is such that a non-single crystalline thin film is crystallized and at least in the channel 
region, an early-crystallization region in which a crystallization-starting temperature is higher than that in a main portion 

30 of the channel region is provided. 

[0082] By employing the above-described configuration, the early-crystallization region serves to control the crystal 
growth in the main portion of the channel region, and as a result, high quality crystalline semiconductor layer having a 
small density of grain boundaries can be formed. The reason is as follows. 

[0083] Because the crystallization-starting temperature is high in the early-crystallization region, crystal nuclei start 
35 to be formed earliest in the early-crystallization region. The crystal nuclei become the center of the crystal growth to 
take place thereafter. Accordingly, by providing the early-crystallization region, the phenomenon that multiple crystal 
nuclei are formed at once can be prevented, and as a result, a polycrystalline semiconductor layer in which large crystal 
grains are aggregated can be formed. 

[0084] It is preferable that the early-crystallization region be arranged at least one or more in the channel region, 
40 and it is also preferable that a plurality of early-crystallization regions be provided at positions where the transfer of car- 
riers in the direction linking is not hindered. When a plurality of early-crystallization regions are provided on the surface 
of the thin film at appropriate positions and intervals, the density of crystal nuclei to be formed can be appropriately con- 
trolled, resulting in further desirable results. It is to be noted that the phrase "a crystallization-starting temperature is 
high" mentioned above means that crystallization starts to take place at a higher temperature than that in the main por- 
45 tion of the channel region. 

[0085] In another embodiment of the invention, the early-crystallization region has a shape longitudinally extending 
in a direction linking the source region and the drain region. 

[0086] Since the early-crystallization region is not a region where carrier transfer takes place, the region is prefer- 
able to have a narrow width in the direction linking the source region and the drain region. If the early-crystallization 
so region extends longitudinally in the direction linking the source region and the drain region, the early-crystallization 
region can become a factor that hinders carrier mobilities. 

[0087] In another embodiment of the invention, the early-crystallization region is such that an impurity is contained 
in a component constituting the main portion of the channel region. 

[0088] In a technique of raising the crystallization-starting temperature by adding an impurity to the semiconductor 
55 layer, the early-crystallization region can be formed relatively easily. Accordingly, the crystalline thin film transistor hav- 
ing the above-described configuration not only exhibits excellent TFT characteristics such as field effect mobility but 
also achieves a reduced cost. 

[0089] In another embodiment of the invention, the crystalline semiconductor layer is substantially composed of sil- 
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icon or a compound of silicon and germanium. 

[0090] Silicon and a compound of silicon and germanium are readily available and easy to crystallize. Accordingly, 
the above-described configuration achieves a high quality crystalline thin film transistor at a low cost. 
[0091] The methods of producing a semiconductor device which will be described below relate to the crystalline thin 
5 film transistors which has been described above, and the advantageous effects by the methods are almost the same as 
those described above. For this reason, the detailed explanation for the advantageous effects will not be repeated 
below. 

[0092] In accordance with another aspect of the invention, there is provided a method of producing a crystalline thin 
film transistor including a crystalline semiconductor layer, the crystalline semiconductor layer comprising a channel 
w region, a source region disposed at both sides of the channel region, and a drain region, the method comprising at least 
the steps of depositing a non-single crystalline thin film on an insulating substrate, forming a plurality of gaps for con- 
trolling an orientation of crystal growth in the non-single crystalline thin film, and irradiating the thin film in which the plu- 
rality of gaps are formed with an energy beam to crystallize the thin film. 

[0093] In the above-described method, the gaps for controlling an orientation of crystal growth may be formed in a 
15 direction linking the source region and the drain region so as to have a groove-like shape, and in addition, the gap for 
controlling an orientation of crystal growth may be divided into a plurality of gaps discontinuously formed in a direction 
linking the source region and the drain region. By employing these methods, the foregoing crystalline thin film transis- 
tors can be produced. 

[0094] In accordance with another aspect of the invention, there is provided a method of producing a crystalline thin 

20 film transistor including a crystalline semiconductor layer, the crystalline semiconductor layer comprising a channel 
region, a source region disposed at both sides of the channel region, and a drain region, the method comprising at least 
the steps of; depositing a non-single crystalline thin film on an insulating substrate, forming an early-crystallization 
region by ion-implanting an impurity in a partial region in the non-single crystalline semiconductor thin film, the impurity 
for raising a crystallization-starting temperature of the partial region, and after the step of forming an early-crystal I iza- 

25 tion region, irradiating the thin film with an energy beam to crystallize the thin film. 

[0095] In the above-described method, the early-crystallization region may have a belt-like shape longitudinally 
extending in a direction linking the source region and the drain region, and in addition, the early-crystallization region is 
divided into a plurality of early-crystallization regions discontinuously disposed in a direction linking the source region 
and the drain region. By employing these methods, the foregoing crystalline thin film transistors can be produced. 

30 [0096] In addition, in each of the foregoing producing methods, the energy beam may be an excimer laser beam. 
[0097] Excimer lasers have a large light energy and is well absorbed by silicon since they are UV lights. Therefore, 
by using an excimer laser beam, crystallization of the non-single crystalline semiconductor layer can be efficiently per- 
formed. In particular, when the non-single crystalline semiconductor layer is composed of a material capable of absorb- 
ing ultraviolet rays such as silicon, it is possible to selectively heat and fuse only the semiconductor layer. Therefore, the 

35 crystallization of the semiconductor layer can be effected without causing adverse effects by heat on the regions not 
irradiated with the beam, and moreover, it is made possible to employ glass substrates, which are low in cost. Further- 
more, when an excimer laser and a thin film material capable of absorbing UV are used in combination, the temperature 
difference between the gap for controlling an orientation of crystal growth and the main portion of the semiconductor 
layer becomes large, and thereby the function of the gap for controlling an orientation of crystal growth (function for con- 

40 trolling the orientation of crystal growth) can be fully exploited. 

[0098] The present inventors have also carried out a study on methods for sufficiently growing crystals based on 
the foregoing considerations regarding the mechanism of crystallization. As a consequence, the inventors have found 
that by intentionally making uneven a distribution of the light intensity within the light beam width, crystallization can 
smoothly progress, and thereby a high quality crystalline thin film can be obtained. Based on this view, the following 

45 aspects of the present invention have been accomplished. 

[0099] In accordance with another aspect of the invention, there is provided a method of producing a semiconduc- 
tor device wherein a thin film of a non-single crystalline material formed on a substrate is irradiated with a light beam 
whereby the non-single crystalline material is crystallized or recrystallized to form a crystalline semiconductor thin film, 
the method characterized in that the light beam is such that a distribution pattern of a light energy intensity of the light 

so beam is adjusted so that a temperature gradient or an uneveness of temperature distribution is caused, and the light 
beam is applied in a stationary state. 

[0100] In the above-described method, uneveness of the temperature gradient or temperature distribution is 
caused on the surface of the non-single crystalline thin film irradiated with the light beam, and thereby it is made possi- 
ble to prevent the phenomenon that micro crystal nuclei are simultaneously formed in a wide region, the phenomenon 
55 explained previously referring to Figs. 7(f) and 7(g). Therefore, relatively large crystal grains are obtained, and even- 
ness in the degree of crystallinity is increased. Consequently, the density of grain boundaries becomes small, and field 
effect mobility is improved. 

[0101] In another embodiment of this aspect of the invention, a distribution pattern of the light energy intensity may 
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be such a distribution pattern that a light intensity within a beam width monotonously increases from one side to the 
other, or monotonously decreases from one side to the other. 

[01 02] In this configuration, the temperature gradient on the surface of the non-single crystalline thin film to be irra- 
diated is formed correspondingly to the light energy intensity, and the crystallization is guided in a direction from a 
5 region where the temperature is low towards a region where the temperature is high. Thus, disorderly formation of crys- 
tal nuclei and disorderly crystal growth are prevented, and consequently it is ensured that the phenomenon explained 
with Figs. 7(f) and 7(g) is prevented. 

[0103] In the case of employing the crystalline thin film for, for example, a semiconductor circuit comprising a 
source region - a channel region - and a drain region, it is preferable that the intensity gradient of the light energy be 

10 formed in the direction parallel to the source-drain direction. Thereby, the direction of crystal growth is restricted to the 
direction parallel to the direction of the transfer of carriers, and the density of grain boundaries becomes small. Accord- 
ingly, by employing this technique, a mobility of, for example, 300 cm 2 /Vs or higher can be achieved. 
[0104] In another embodiment of this aspect of the invention, a distribution pattern of the light energy intensity may 
be such that, in a beam width, a part having a relatively stronger light intensity and a part having a relatively weaker 

15 light intensity are alternately arrayed in a plane. 

[0105] When a light beam having a striped pattern made of a part having a strong light intensity and a part having 
a weak light intensity is applied, a striped temperature distribution pattern made of a part having a high temperature and 
a part having a low temperature is formed on the irradiated surface. In such a striped temperature distribution pattern, 
crystal growth is guided in the direction from a region where the temperature is low (normally formed in a belt-like 

20 shape) towards a region where the temperature is high. Then, crystal grains collide with each other in the vicinity of the 
center of the region (belt) where the temperature is high, forming a continuous line of grain boundaries (a continuous 
line like a mountain range) there, and crystal grains are formed so as to longitudinally extending in the direction parallel 
to the continuous line. 

[0106] Hence, in this configuration as well, the phenomenon explained with Figs. 7(f) and 7(g) is prevented, and 
25 moreover, the same advantageous effects as described in the above-described configuration employing such an inten- 
sity distribution monotonously increasing or decreasing are also obtained. Specifically, crystallization is effected while 
arranging a region with a relatively strong light intensity and a region with a relatively weak light intensity parallel to the 
source-drain direction. Thereby, the collision line of crystal grains becomes parallel to the source-drain direction, and it 
is prevented that carriers cross the collision line of crystal grains (the line of grain- boundary), which causes a consid- 
30 erable decrease in the mobility. Thus, a channel region having a high mobility can be formed. 

[01 07] In the above-described method, a distribution pattern of the light energy intensity may be formed by causing 
a light interference by simultaneously irradiating with at least two coherent lights. 

[0108] In this method utilizing a light interference, it is possible to form a fine light intensity distribution, and as a 
result to form a fine striped temperature distribution on the surface to be irradiated. Accordingly, this method achieves 
35 a smooth crystallization in a relatively wide region. 

[0109] In another embodiment of the invention, a distribution pattern of the light energy intensity of may be a wave- 
motion-like interference pattern formed by simultaneously irradiating with at least two coherent lights and by dynami- 
cally modulating a phase of at lease one of the two coherent lights. 

[01 1 0] In this method utilizing a dynamic light interference pattern, the energy intensity distribution of the light beam 
40 varies in a wave-motion-like manner, and the temperature of the irradiated surface correspondingly varies in a wave- 
motion-like manner so that the temperature moves in one direction. Accordingly, by employing this method, impurities 
contained in the non-crystalline thin film can be gradually expelled outside the effective area, and consequently a crys- 
talline thin film having a high purity and a high mobility can be formed. 

[0111] It is noted that in the methods of producing a crystalline thin film according to this aspect of the invention, 
45 the light beam may be applied as the beam is being moved relative to the non-single crystalline thin film on the sub- 
strate. In this method in which a light beam is applied while being moved relative to the surface of the thin film, the light 
beam having a light energy intensity distribution pattern being adjusted so that a temperature gradient or an uneveness 
of the temperature distribution is caused on the surface to be irradiated (the surface of the non-single crystalline thin 
film), the orientation of crystal growth can be finely guided. Therefore, a high quality crystalline thin film having a high 
so uniformity in the degree of crystallinity and a small density of grain boundaries can be obtained. 

[0112] In accordance with another aspect of the invention, there is provided a method of producing a semiconduc- 
tor thin film wherein a thin film comprising a non-single crystalline material formed on a substrate is irradiated with a 
light beam and thereafter cooled whereby the non-single crystalline material is crystallized or recrystallized, the method 
characterized in that a pressure of an atmosphere gas is maintained at more than a predetermined value to cause an 
55 uneven temperature distribution on a surface of the thin film irradiated with the light beam. 

[01 1 3] In this method, at a moment when the molecules of the gas constituting the atmosphere gas collide with the 
surface of the thin film and detach therefrom, the molecules deprive the thin film of heat, forming a low temperature 
region in a limited area. Thus, crystal nuclei are formed in the region, and the formed crystal nuclei facilitate the crystal 
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growth, consequently preventing the phenomenon explained with Figs. 7(f), and 7(g). 

[0114] In the above-described method, the pressure of the atmosphere gas to be maintained at more than a pre- 
determined value may be 10* 5 torr or higher where the atmosphere gas is a hydrogen gas. 

[0115] When a laser annealing treatment is performed under a hydrogen gas pressure of 10~ 5 torr or higher, the 
5 above-described advantageous effect is ensured by the movement of hydrogen molecules, which have a high specific 
heat. 

[0116] In order to provide a solution to the foregoing and other problems, the invention also provides a method of 
producing a semiconductor film comprising the step of crystallizing a precursor semiconductor film, the step wherein 
the precursor semiconductor film formed on a substrate is irradiated with a first energy beam supplying the precursor 
10 semiconductor film with at least such an energy that the precursor semiconductor film can be crystallized, and with a 
second energy beam such that an absorption index of said precursor semiconductor film is smaller than an absorption 
index by said first energy beam and an energy supplied by said second energy beam is smaller than an energy capable 
of crystallizing said precursor semiconductor film. 

[0117] According to this method, the second energy beam can easily reach a lower portion of the precursor senni- 
ts conductor film and further the substrate. Thereby, the precursor semiconductor film is heated through the thickness 
direction and the substrate is also heated, reducing the temperature difference between the point while the first energy 
beam is being applied and the point after the irradiation with the beam is completed. Thus, the precursor semiconductor 
film heated and fused by being irradiated with the first energy beam is crystallized after the irradiation is completed, 
while being annealed. Therefore, the crystal growth is facilitated, and it is made possible to form relatively large crystal 
20 grains and reduce crystal defects, which improves electrical characteristics of the semiconductor film. 

[0118] In the above-described method, the precursor semiconductor film may be an amorphous silicon thin film. 
[01 19] Thereby, a polycrystalline silicon thin film having good crystal quality and good electrical characteristics such 
as field effect mobility can be readily produced. 

[0120] Further in the above-described method, the first energy beam may be such that an absorption coefficient of 
25 the precursor semiconductor film is approximately equal to or greater than the reciprocal of a film thickness of the pre- 
cursor semiconductor film, and the second energy beam may be such that an absorption coefficient of the precursor 
semiconductor film is approximately equal to or less than the reciprocal of a film thickness of the precursor semicon- 
ductor film. 

[0121] By employing this method, much of the first energy beam is absorbed in the vicinity of the surface of the pre- 
30 cursor semiconductor film, whereas much of the second energy beam reaches the lower portion of the precursor sem- 
iconductor film and the substrate, and thus the precursor semiconductor film is efficiently heated as well as the 
substrate. Thus, after the irradiation with the first energy beam is completed, the precursor semiconductor film is 
annealed and the crystal growth is facilitated. Therefore, it is ensured that relatively large crystal grains are formed, and 
a semiconductor film having good crystal quality is formed. 
35 [0122] Further in the above-described method, the first energy beam may be such that an absorption coefficient of 
the precursor semiconductor film is approximately 10 times or greater than the reciprocal of a film thickness of the pre- 
cursor semiconductor film, and the second energy beam may be such that an absorption coefficient of the precursor 
semiconductor film is approximately the reciprocal of a film thickness of the precursor semiconductor film. 
[0123] By employing this method, the precursor semiconductor film can be more efficiently heated, and a semicon- 
40 ductor film having further higher quality can be formed. 

[0124] In the above-described method, the first and second energy beams have a different wavelength from each 
other. 

[0125] By employing this method, the difference of the absorption coefficients as described above can be readily 
realized. 

45 [0126] The foregoing energy beams having a different wavelength from each other may be, for example, such that 
the first energy beam is an energy beam having a single wavelength, and the second energy beam includes at least a 
wavelength component in a visible light range. 

[0127] More specifically, the first energy beam and the second energy beam may be, for example, a laser light and 
an infrared lamp, a laser light and an incandescent light, or a laser light and an excimer lamp light. 
50 [0128] In addition, as the foregoing lights having a different wavelength from each other, for example, the second 
energy beam may contain at least a wavelength component from a visible light range to an ultraviolet range, such as a 
xenon flash lamp light. 

[0129] In addition, the first energy beam and the second energy beam may be a laser light. 
[0130] When the laser beam is employed, the irradiation with the energy beam having a large energy density can 
55 be readily performed, and thereby it is made easy to efficiently heat the precursor semiconductor film and the substrate. 
[0131] More specifically, for example, in the case where the precursor semiconductor film is an amorphous silicon 
thin film, the first energy beam may be one laser light selected from an argon fluoride excimer laser, a krypton fluoride 
excimer laser, a xenon chloride excimer laser, and a xenon fluoride excimer laser, and the second energy beam may 
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be a laser light of an argon laser. 

[0132] In addition, for example, in the case where the substrate is a glass substrate and the precursor semiconduc- 
tor film is an amorphous silicon thin film, the first energy beam is one laser light selected from an argon fluoride excimer 
laser, a krypton fluoride excimer laser, a xenon chloride excimer laser, and a xenon fluoride excimer laser, and the sec- 

5 ond energy beam is a laser light of a carbon dioxide gas laser. 

[0133] Each of the excimer lasers mentioned above is easy to obtain a large power and is easily absorbed in the 
vicinity of the surface of the amorphous silicon thin film. The laser light of an argon laser transmits through the amor- 
phous silicon film to a certain degree and is easily absorbed throughout the thickness direction of the amorphous silicon 
thin film. The carbon dioxide gas laser transmits through the amorphous silicon thin film relatively well and is easily 

w absorbed by the glass substrate. Hence, the amorphous silicon thin film can be efficiently heated, a polysilicon thin film 
having good crystal quality can be readily formed, and the productivity can be readily improved. 
[0134] In the method according to this aspect of the invention, the first energy beam and the second energy beam 
may be applied to a belt-like shaped region in the precursor semiconductor film. 

[0135] By applying the beams to the belt-like shaped region, heating can be performed with a uniform temperature 
15 distribution, and thereby it is made possible to easily form a semiconductor film having a uniform crystal quality and to 
reduce the time required for the process of crystallization. 

[0136] In the method according to this aspect of the invention, a region in the precursor semiconductor film to be 
irradiated with the second energy beam may be larger than a region in the precursor semiconductor film to be irradiated 
with the first energy beam, and may include the region to be irradiated with the first energy beam. 
20 [0137] In this method as well, heating can be performed with a uniform temperature distribution, and thereby it is 
made possible to easily form a semiconductor film having a uniform crystal quality. 

[0138] In the method according to this aspect of the invention, the first energy beam and the second energy beam 
are incident approximately perpendicular to the precursor semiconductor film. 

[0139] When each of the energy beams are incident approximately perpendicular to the precursor semiconductor 
25 fun as described above, a variation in the irradiation with each energy beam is reduced, and thereby it is made possible 
to easily form a semiconductor film having a uniform crystal quality. 

[0140] In the method according to this aspect of the invention, the second energy beam is applied at least prior to 
applying the first energy beam. Such applying of the second energy beam prior to applying the first energy beam may 
be performed by controlling the timings of applying of the energy beams, and further, may be performed in such a man- 
30 ner that the substrate on which the precursor semiconductor film is formed is moved, and the second energy beam is 
applied to a more forward position in the precursor semiconductor film with respect to a direction of moving of the sub- 
strate than a position where the first energy beam is applied. 

[0141] By performing such applying of the energy beams, crystallization is effected by the first energy beam in a 
state where the semiconductor film and the substrate are sufficiently heated by the second energy beam, resulting in 
35 an efficient crystallization process. 

[0142] In the method according to this aspect of the invention, the first energy beam may be intermittently applied, 
and the second energy beam may be continuously applied. 

[0143] Specifically, the first energy beam may be a pulsed laser light, and the second energy beam may be a con- 
tinuous-wave laser light or a lamp light. 
40 [0144] By continuously applying the second energy beam as described above, it is made easy to heat the substrate 
and the precursor semiconductor film at a predetermined stable temperature, and in addition, by intermittently applying 
the first energy beam, heat conduction to the substrate is suppressed to prevent the fusion or distortion of the substrate 
caused by overheating the substrate. Thereby it is ensured that the crystallization of the precursor semiconductor film 
can be readily attained. 

45 [0145] In the method according to this aspect of the invention, the first energy beam and the second energy beam 
may be synchronized with each other and intermittently applied. Specifically, as the timings of the irradiation, it is pref- 
erable that a time of irradiating with the first energy beam should be within a time of irradiating with the second energy 
beam, and should be two-thirds or shorter of an irradiation cycle of the second energy beam. For the energy beams, 
specifically, the first energy beam may be a pulsed laser light, and the second energy beam may be a pulsed laser light 

50 or an intermittently-operated lamp light. 

[0146] By intermittently applying the first energy beam and the second energy beam as described above, it is easily 
made possible to irradiate a unit area with a large light energy, and therefore heating with a large energy can be per- 
formed while preventing the fusion and distortion of the substrate caused by overheating the substrate, which easily 
ensures the crystallization of the precursor semiconductor film. In particular, the pulsed laser can easily attain a large 

55 power and thereby readily heat a large area at a high temperature. Therefore, the time required for the step of crystal- 
lization can be easily reduced to improve productivity. 

[0147] In the method according to this aspect of the invention, the first energy beam and the second energy beam 
may be applied so that the precursor semiconductor film is heated at a temperature of 300 °C to 1200 °C, or more pref- 
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erably at a temperature of 600 °C to 1 100 °C. 

[0148] By heating the precursor semiconductor substrate at the temperature in the above-described range, the 
temperature variation in crystallization is made gentle and the crystal growth is facilitated while preventing crystal 
defects and uneven crystallization caused by the formation of micro-crystals in a partial region, and the formation of 
5 large crystal grains are readily made possible. 

[0149] In addition, the method according to this aspect of the invention may further comprise a step of heating the 
substrate on which the precursor semiconductor film is formed with a heater. More specifically, for example, it is prefer- 
able that the substrate on which the precursor semiconductor film is formed should be heated at a temperature of 300 
°C to 600 °C. 

w [01 50] By heating the substrate with the heater in addition to the second energy beam, the precursor semiconduc- 
tor substrate is more efficiently heated, and in addition, the crystal growth is readily facilitated by annealing. Moreover, 
in comparison with the conventional case of heating the substrate with the heater only, a predetermined heating tem- 
perature can be obtained within a shorter time, which easily achieves an improvement in productivity. 
[0151] In the method according to this aspect of the invention, the first energy beam may be applied to a plurality 

15 of regions in the precursor semiconductor film, and the second energy beam may be applied to only a part of the plu- 
rality of regions. 

[0152] By applying the second energy beam to only a partial region, crystallinity can be improved in a limited 
region, for example, which requires particularly high electrical characteristics, and therefore a necessary and sufficient 
crystallization can be effected by a crystallization process with a short time, which easily achieves an improvement in 
20 productivity. 

[0153] In the method according to this aspect of the invention, the second energy beam may be such that an 
absorption index of the substrate is larger than an absorption index of the precursor semiconductor film. In addition, it 
is preferable that the first energy beam be such that an absorption coefficient of the precursor semiconductor film is 
approximately 10 times or greater than the reciprocal of a film thickness of the precursor semiconductor film. 
25 [0154] More specifically, in the case where the substrate is a glass substrate, the precursor semiconductor film is 
an amorphous silicon thin film, the first energy beam may be one laser light selected from an argon fluoride excimer 
laser, a krypton fluoride excimer laser, a xenon chloride excimer laser, and a xenon fluoride excimer laser, and the sec- 
ond energy beam may be a laser light of a carbon dioxide gas laser. 

[0155] By employing this method, much of the first energy beam is absorbed in the vicinity of the surface of the pre- 
30 cursor semiconductor film, whereas much of the second energy beam is absorbed by the substrate, and thus the pre- 
cursor semiconductor film is efficiently heated as well as the substrate. Thus, after the irradiation with the first energy 
beam is completed, the precursor semiconductor film is annealed and the crystal growth is facilitated. Therefore, it is 
ensured that relatively large crystal grains are formed, and a semiconductor film having good crystal quality is formed. 
[01 56] In accordance with another aspect of the invention, there is provided an apparatus for producing a semicon- 
35 ductor film by crystallizing a precursor semiconductor film formed on a substrate, comprising a first irradiating means 
emitting a first energy beam, and a second irradiating means emitting a second energy beam resulting in a smaller 
absorption index of said precursor semiconductor film than said first energy beam. 

[0157] By employing the above-described apparatus, the second energy beam can easily reach a lower portion of 
the precursor semiconductor film and further the substrate. Thereby, the precursor semiconductor film is heated 

40 through the thickness direction and the substrate is also heated, reducing the temperature difference between the point 
while the first energy beam is being applied and the point after the irradiation with the beam is completed. Thus, the 
precursor semiconductor film heated and fused by being irradiated with the first energy beam is crystallized after the 
irradiation is completed, while being annealed. Therefore, the crystal growth is facilitated, and it is made possible to 
form relatively large crystal grains and reduce crystal defects, which improves electrical characteristics of the semicon- 

45 ductor film. 

[0158] In the above-described apparatus according to this aspect of the invention, the second irradiating means is 
a lamp radially emitting the second energy beam, and the apparatus further comprises a concave reflector collecting 
the second energy beam. 

[0159] By employing the above-described apparatus, efficient heating of the substrate and so forth is easily per- 
50 formed with a uniform temperature distribution, and thereby it is made possible to easily form a semiconductor film hav- 
ing a uniform crystal quality. 

[0160] The above-described apparatus for producing a semiconductor film may further comprise a reflective plate 
in which one of the first energy beam and the second energy beam is reflected and the other one of the first energy 
beam and the second energy beam is allowed to transmit, the apparatus wherein the first energy beam and the second 
55 energy beam are incident perpendicular to the precursor semiconductor film. 

[0161] When each of the energy beams are incident approximately perpendicular to the precursor semiconductor 
film as described above, a variation in the irradiation with each energy beam is reduced, and thereby it is made possible 
to easily form a semiconductor film having a uniform crystal quality. 
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[0162] In the above-described apparatus, specifically, in the case where the precursor semiconductor film is an 
amorphous silicon thin film, the first irradiating means may be one of an argon fluoride excimer laser, a krypton fluoride 
excimer laser, a xenon chloride excimer laser, and a xenon fluoride excimer laser, and the second irradiating means 
may be an argon laser. 

5 [0163] In addition, in the case where the substrate is a glass substrate and the precursor semiconductor film is an 
amorphous silicon thin film, the first energy beam may be one laser light selected from an argon fluoride excimer laser, 
a krypton fluoride excimer laser, a xenon chloride excimer laser, and a xenon fluoride excimer laser, and the second 
energy beam may be a laser light of a carbon dioxide gas laser. 

[0164] In order to provide a solution to the foregoing and other problems of prior art, the present invention also pro- 

10 vides, in another aspect of the invention, a method of producing a semiconductor thin film comprising a step of irradiat- 
ing a non-single crystal semiconductor thin film with an energy beam, said non-single crystal semiconductor thin film 
formed on a substrate having an image display region and a driving circuit region, said method characterized in that a 
first irradiation of said image display region is performed by using an energy beam having a line-like cross-sectional 
shape, and a second irradiation of said driving circuit region is performed at a higher energy density than said first irra- 

15 diation by using an energy beam having a square-like cross-sectional shape. 

[0165] The present invention also provides a method of producing a semiconductor thin film comprising a step of 
irradiating a non-single crystal semiconductor thin film with an energy beam, said non-single crystal semiconductor thin 
film formed on a substrate having an image display region and a driving circuit region, said method characterized in that 
a first irradiation of said image display region is a scanning irradiation such that said substrate is scanned by said 

20 energy beam in a relative manner and a region to be irradiated with said energy beam is shifted with a predetermined 
overlap, and a second irradiation of said driving circuit region is a stationary irradiation with a higher energy density than 
said first irradiation such that said energy beam is fixed with respect to said substrate in a relative manner. 
[0166] Specifically, for example, in the thin film transistors constituting a liquid crystal display device, different laser 
irradiation methods are employed for a pixel region which requires a uniformity of semiconductor film characteristics 

25 and for a driving circuit region which requires characteristics (particularly high mobility). Specifically, when performing 
a laser annealing in which amorphous silicon is irradiated with a laser light so as to fuse and crystallize the amorphous 
silicon to form polycrystalline silicon, the energy density of the laser light applied to the driving circuit region in the sub- 
strate plane is made higher than the energy density of the laser light applied to the pixel region, so as to form polycrys- 
talline silicons in the driving circuit region and in the pixel region each having different characteristics from each other. 

30 More specifically, for example, a first laser light irradiation is performed for the pixel region alone or for the entire surface 
of the substrate, and thereafter a second laser light irradiation is performed for the driving circuit region using a laser 
light having a higher energy density than the laser light used in the first laser light irradiation. 
[0167] According to this method, the mobility of the polycrystalline silicon in the driving circuit region becomes 
higher than the mobility of the polycrystalline silicon in the pixel region, and the characteristics of the polycrystalline sil- 

35 icon in the pixel region can be made uniform in the plane. 

[0168] In the above-described method, the first irradiation may be performed by using an energy beam having a 
line-like cross-sectional shape, and the second irradiation may be performed by using an energy beam having a square- 
like cross-sectional shape. Thereby, the laser annealing can be performed without rotating 90 degrees the stage for fix- 
ing the substrate. 

40 [0169] Additionally, in the above-described method, the first irradiation may be a scanning irradiation such that a 
laser beam is applied a plurality of times while a position to be irradiated with the laser beam is being shifted, and the 
second irradiation may be a stationary irradiation such that the position to be irradiated is fixed. Thereby, the mobility of 
the polycrystalline silicon can be increased, and in addition, the uniformity is attained. 

[0170] Further, the laser annealing may be performed in such a manner that a plurality of regions in the driving cir- 
45 cuit region are irradiated with laser lights having different energy densities from each other, thereby forming poLycrys- 
talline silicons having different characteristics from each other. In this case, it is preferable that the laser annealing be 
performed so that a region in which a transfer gate in the latch or shift resistor and the other regions are respectively 
irradiated with laser lights having different energy densities. 

[0171] Further, in the above-described laser annealing methods, it is preferable that the edge of the laser beam not 
50 fall on the TFT pattern. 

[0172] In accordance with another aspect of the invention, there is provided an apparatus for producing a semicon- 
ductor thin film comprising an energy beam generating means, and means for homogenizing an energy beam emitted 
from the energy beam generating means by shaping the energy beam so as to have a predetermined cross-sectional 
beam shape and a homogeneous energy, the apparatus wherein a non-single crystal semiconductor thin film formed 
55 on a substrate is irradiated with the energy beam to effect crystal growth the apparatus characterized in that the appa- 
ratus further comprises a filter having a plurality of transmissivities different from each other, and the energy beam is 
applied through the filter to a plurality of regions in the non-single crystal semiconductor thin film in such a manner that 
each of the plurality of regions receives a different energy density from each other. 
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[0173] By employing this method, it is made possible to form a plurality of polycrystalline semiconductor film having 
different characteristics on a single substrate plane. 

[0174] In the above-described method, the apparatus may be a laser annealing apparatus in which transmissivities 
of the mask are varied by an optical thin film so as to have the plurality of transmissivities different from each other, and 

5 this enables the distribution of transmissivities to accurately formed. In addition, the apparatus may be a laser annealing 
apparatus in which the mask and the window for applying the laser light to the substrate in the treatment chamber are 
integrated, and this enables the apparatus to have a simple construction and to reduce attenuation of the light energy. 
[0175] In another embodiment of the invention, there is provided an apparatus for producing a semiconductor thin 
film comprising an energy beam generating means, and means for homogenizing an energy beam emitted from the 

w energy beam generating means by shaping the energy beam so as to have a predetermined cross-sectional beam 
shape and a homogeneous energy, the apparatus wherein a non-single crystal semiconductor thin film formed on a 
substrate is irradiated with the energy beam to effect crystal growth, the apparatus characterized in that, the means for 
homogenizing is capable of selectively shaping the energy beam into a plurality of cross-sectional beam shapes. 
[0176] By employing this method, a laser light with the most appropriate shape is applied to each position on the 

15 substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0177] 

20 

Fig. 1 is a graph showing a transmissivity characteristic of an amorphous silicon thin film. 

Figs. 2(a) is a schematic plan view showing a prior art thin film transistor (TFT), and Fig. 2(b) is a schematic cross 

sectional view thereof. 

Fig. 3 illustrates a prior art method of producing a polysilicon thin film. 
25 Fig. 4 illustrates a pattern of an intensity of a light beam having a flat light intensity distribution according to a prior 
art technique. 

Fig. 5 is a schematic view illustrating non-uniformity of a degree of crystallinity in a crystallized region in a prior art 
technique. 

Fig. 6 is a graph of a Raman intensity curve in the line A-A in Fig. 5. 
30 Figs. 7(a) to 7(g) illustrate progress of crystallization in the case of employing a light beam having a flat light inten- 
sity distribution. 

Figs. 8(a) to 8(c) illustrate the principle of polycrystallization by laser light irradiation in accordance with a prior art 
method. 

Fig. 9 is a schematic view showing a prior art laser anneal apparatus. 
35 Fig. 10 illustrates a laser-annealed region in a liquid crystal display. 

Figs. 1 1(a) and (b) illustrate an orientation of crystal growth in an a-Si film provided with gaps for controlling an ori- 
entation of crystal growth. 

Figs. 12(a) to 12(c) illustrate a principle of polycrystallization in Example 1-1. 
Fig. 13 is a graph showing a degree of crystallinity in a polycrystalline silicon thin film of Example 1-1. 
40 Fig. 14(a) is a plan view of a TFT of Example 1-2, and Fig. 14(b) is a cross sectional view thereof. 
Fig. 15 is a plan view of a TFT of Example 1-3. 

Fig, 16(a) is a plan view of a TFT of Example 2-1, and Fig. 16(b) is a cross sectional view thereof. 

Fig. 17(a) is a plan view of a TFT of Example 2-2, and Fig. 17(b) is a cross sectional view thereof. 

Figs. 18(a) to 18(e) illustrate production steps for the TFT of Example 2-1 . 
45 Figs. 19 (a) to 19(e) illustrate production steps for the TFT of Example 2-2. 

Figs. 20(a) and 20(b) are a plan view and a cross sectional view showing a construction of a TFT of Example 3-1 . 

(Fig. 20(a) is the plan view, and Fig. 20(b) is a cross sectional view taking along the line A-A' in Fig. 20(a).) 

Fig. 21 is a cross sectional view taken along the line B-B' in Fig. 20(a) of Example 3-1. 

Figs. 22(a) to 22(e) illustrate production steps for the TFT of Example 3-1 . 
so Figs. 23(a) and 23(b) are a plan view and a cross sectional view showing a construction of a TFT of Example 3-2. 

(Fig. 23(a) is the plan view, and Fig. 20(b) is a cross sectional view taking along the line C-C in Fig. 23(a).) 

Fig. 24 is a cross sectional view taken along the line D-D' in fig. 23(a). 

Figs. 25 (a) to 25(e) illustrate production steps for the TFT of Example 3-2. 

Fig. 26 is a plan view showing a construction of a TFT of Example 3-3. 
55 Fig. 27 is a plan view showing a construction of a TFT of a variation in accordance with Examples 3-1 to 3-3. 

Fig. 28 is a cross sectional view showing a construction of a TFT of another variation in accordance with Examples 

3-1 to 3-3. 

Figs. 29(a) to 29(g) illustrate progress of crystallization in the case of employing a light beam having a light intensity 
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gradient. 

Fig. 30 is a schematic view illustrating a state of moving and applying a light beam having a light intensity gradient. 
Fig. 31 illustrates a light transmission characteristic of a filter for producing a light beam having a light intensity gra- 
dient. 

5 Figs. 32(a) to 32(g) illustrate progress of crystallization in the case of employing a light beam in which a region hav- 

ing a relatively strong light intensity and a region having a relatively weak light intensity are alternatively arrayed 
with respect to a plane. 

Fig. 33 is a schematic view illustrating a state of moving and applying a light beam having a distribution pattern 
shown in Fig. 32(a). 

w Fig. 34 shows a light transmission characteristic of a filter for producing the light beam as shown In Figs. 32(a) to 
32(g). 

Fig. 35 shows a distribution pattern of light intensity of another example of the light beam in which a region having 
a relatively strong light intensity and a region having a relatively weak light intensity are alternatively arrayed with 
respect to a plane. 

15 Fig. 36 is a schematic view illustrating the principle of producing the distribution pattern of light intensity shown in 
Fig. 35 by light interference. 

Figs. 37(a) to 37(g) illustrate progress of crystallization in the case of employing the light beam of Fig. 35. 
Fig. 38 is a schematic view illustrating a method of producing a light beam by a dynamic interference pattern in 
which bright-line parts and dark-line parts propagate. 
20 Fig. 39 is a schematic view showing a state of a light interference pattern formed in a thickness direction of the thin 
film. 

Fig. 40 is a schematic view showing a state of heat flowing outwardly from the thin film heated by light irradiation. 
Fig. 41 illustrates relationships between ambient pressures in light irradiation and numbers of irradiation and 
degrees of crystallinity (Raman intensity). 
25 Fig. 42 is a schematic view showing a state in which a crystallization step is being performed with the use of an 
excimer laser. 

Fig. 43 illustrates an apparatus for the experiment for studying the relationships between ambient pressures and 
degrees of crystallinity in laser annealing. 

Figs. 44(a) and 44(b) are schematic views illustrating a method of producing a polysilicon thin film of Example 5-1. 
30 Fig. 45 is a graph showing the result of measuring Raman scattering in the polysilicon thin films of Examples 5-1 
and 5-2. 

Fig. 46 is a schematic view illustrating a method of producing a polysilicon thin film of Example 5-2. 
Fig. 47 is a graph showing a transmissivity characteristic of glass. 

Fig. 48 is a perspective view showing a configuration of a glass substrate on which a microcrystalline silicon thin 
35 film of Example 5-3 is formed. 

Fig. 49 is a schematic view illustrating a method of producing a polysilicon thin film of Example 5-3. 
Fig. 50 is a graph showing characteristics of TFTs of Examples 5-3 to 5-9. 

Fig. 51 is a schematic view illustrating another example of the method of producing a polysilicon thin film of Exam- 
ple 5-3. 

40 Fig. 52 is a schematic view illustrating a method of producing a polysilicon thin film of Example 5-4. 
Fig. 53 is a schematic view illustrating a method of producing a polysilicon thin film of Example 5-5. 
Fig. 54 is a schematic view illustrating methods of producing a polysilicon thin film of Examples 5-6 and 5-7. 
Fig. 55 is a graph showing the relationship between heating temperatures and crystal grain diameters in Example 
5-7. 

45 Fig. 56 is a graph showing the relationship between heating temperatures and field effect mobilities in Example 5-7. 
Fig, 57 is a schematic view illustrating a method of producing a polysilicon thin film of Example 5-8. 
Fig. 58 illustrates timings of irradiation in Example 5-8. 

Fig. 59 is a schematic view illustrating a method of producing a polysilicon thin film of Example 5-9. 

Fig. 60 illustrates a region in a liquid crystal display to be irradiated with a laser light in Example 6-1. 
so Fig. 61 a schematic view illustrating a method of applying a laser light in Example 6-1 . 

Figs. 62(a) and 62(b) are schematic views showing a laser annealing apparatus in Example 6-2. 

Fig. 63 illustrates a region to be irradiated with a laser light in Examples 6-2 and 6-3. 

Fig. 64 is a graph showing a dependency of mobilities on numbers of laser irradiation times in Example 6-3. 

Fig. 65 is a schematic view showing a laser annealing apparatus in Example 6-5. 
55 Fig. 66 is a plan view showing a configuration of a mask material in Example 6-5. 

Fig. 67 is a schematic view illustrating a method of laser annealing of Example 6-6. 

Fig. 68 is a schematic view illustrating another example of a method of laser annealing of Example 6-6. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0178] Now, with reference to the figures, preferred embodiments of the present invention are detailed below. 
5 EXAMPLE 1-1 

[0179] Referring now to Figs. 12(a) to 12(c), detailed below is an example in which crystal growth is controlled by 
providing on a substrate a plurality of regions each having a different thermal conductivity and thereby allowing a sem- 
iconductor thin film to have a temperature distribution. 

w [0180] As shown in Fig. 12(c), a lower insulating film 202 is formed on the entire region of a transparent insulating 
substrate 201 composed of, for example, a glass substrate. On a part of the lower insulating film 202, a stripe-like 
shaped upper insulating film 203 is formed. The upper insulating film 203 is composed of a material having a smaller 
thermal conductivity than the lower insulating film 203. On the lower insulating film 202 and the upper insulating film 
203, an amorphous silicon thin film 204 is formed. 

15 [0181] By irradiating the amorphous silicon thin film 204 with a line-like laser light having an energy density distri- 
bution in the x and y directions as shown in Fig. 12(a), a polycrystalline silicon thin film 210 is formed. In the formation 
of the polycrystalline silicon thin film 210, since the thermal conductivity of the upper insulating film 203 is lower than 
that of the lower insulating film 202, the temperature of a region in the amorphous silicon thin film 204 over the upper 
insulating film 203 becomes higher than the temperature of a region in the amorphous silicon thin film 204 over an inter- 

20 val of the upper insulating films 203, as shown in Fig. 12(b). Therefore, the crystallization of the amorphous silicon thin 
film 204 starts from the region over the interval of the upper insulating films 203, and the crystal growth proceeds 
towards the regions over the upper insulating films 203. As a result, in the region over the interval of the upper insulating 
films 203, a collision of the crystal grains each other rarely occurs, and a large crystal grain region 210b in which crystal 
grains are relatively large is thereby formed. On the other hand, in the region over the upper insulating film 203, each 

25 of the crystal grains grown from both sides of the upper insulating films 203 collides with each other, and consequently 
a small crystal grain region 210a is formed. 

[0182] In order to compare the degree of crystallinity, a polycrystalline silicon thin film 210 thus formed and a prior 
art polycrystalline silicon thin film polycrystallized in accordance with a prior art method were both subjected to a 
Raman spectroscopy, the peak strengths of Raman spectrum were compared. The results are shown in Fig. 13. 

30 [0183] For this measurement, the polycrystalline silicon thin film 210 of the present example employs a silicon 
nitride thin film having a thickness of 200 nm (thermal conductivity: 0.19 W/cm • °C) as the lower insulating film 202 and 
a silicon oxide thin film having a thickness of 30 nm and a width of approx. 5 u.m (thermal conductivity; 0.014 W/cm • °C) 
as the upper insulating film 203 with an interval between each of the upper insulating films 203 being 20 urn. On the 
other, the prior art polycrystalline silicon thin film employs a single layer of a silicon oxide thin film having a thickness of 

35 200 nm. In each of the polycrystalline silicon thin films, the thickness of the amorphous silicon thin film was made to be 
85 nm. In each of the films, the measuring points of the Raman peak strengths were the central region of the region to 
be irradiated along an x direction in Figs. 12(a) to 12(c). 

[0184] As apparent from Fig. 13, in the case of the polycrystalline silicon thin film made by a prior art method, the 
degree of crystallinity is relatively small over the entire region. By contrast, in the case of the method according to the 
40 present invention, whereas the degree of crystallinity is small in the regions over the upper insulating film 203, which 
are denoted by A, B, and C in the figure, the regions over the lower insulating film 202 sandwiched by the upper insu- 
lating films 203 show large Raman peak strengths. This indicates that the degree of crystallinity is remarkably improved 
by the method according to the present invention. 

[01 85] It is noted that the optimal vatue for the interval between each of the stripe-like shaped upper insulating films 
45 203 varies depending upon thermal conductivities of the lower insulating film 202 and the upper insulating film 203, 
energy densities of the light to be irradiated, and so forth. However, in the example described above, it is preferable to 
make the interval to be within the range of 5-50 um, more preferably within the range of 10-30 um, in order to reliably 
obtain large crystals. 

[0186] The description above shows an example in which the surface of the silicon thin film has a temperature dis- 
50 tribution with respect to the y direction in Figs. 12(a) to 12(c). However, in the case where a laser beam is applied in a 
stationary state, the temperature distribution may be also given with respect to the x direction in like manner. In the case 
of the laser beam applied by scanning in the x direction, the influence by the sequential movement of the region to be 
irradiated on the temperature distribution should be taken into consideration. In addition to utilizing the difference of 
thermal conductivities as described above, an adjustment of the temperature distribution may be performed by varying 
55 an energy density distribution in each of the regions. 

[0187] In the example described above, the thermal conductivity of the upper insulating film 203 is made smaller 
than the thermal conductivity of the lower insulating film 202, so as to increase the grain size in the regions under which 
the upper insulating film 203 is absent. Conversely, the thermal conductivity of the upper insulating film may be made 
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larger than the thermal conductivity of the lower insulating film, thereby to increase the grain size in the regions under 
which the upper insulating film is present. Nevertheless, the former method can more readily increase an area of the 
region in which the thermal conductivity is high, i.e., the surface temperature of the silicon thin film is low, therefore can 
more readily increase the temperature gradient in the temperature distribution on the surface of the silicon. 
5 [0188] The relationship between a stacking order and thermal conductivities of the insulating films is not limited to 
the manner described above, but may be the reverse order, insofar as a predetermined temperature distribution is 
attained. 

[0189] In the case where the insulating film has a two-layer structure as described above, the upper insulating film 
can be easily formed into a desired shape (thickness) by setting an etching selective ratio (a ratio of etching rates) 
10 between the upper insulating film and the lower insulating film. Therefore, the upper insulating film can be made to have 
a uniform thickness over a wide area, and as a result, a polycrystalline silicon thin film having a uniform grain size in the 
entire surface of the substrate can be readily obtained. 

[0190] In order to provide regions each having a different thermal conductivity, a thickness of the silicon thin film 
may be varied by etching or the like method. By employing this method, although relatively high accuracy is needed in 
15 the etching, the manufacturing steps can be simplified since forming two layers of insulating films becomes unneces- 
sary. 

[0191] In place of varying the thermal conductivities, the temperature distribution can be provided by forming a plu- 
rality of regions each having a different thermal capacity. This can also improve crystallinity of the silicon thin film. 

20 EXAMPLE 1-2 

[0192] Example 1-2 describes an example of a polycrystalline silicon thin film transistor employing the semiconduc- 
tor thin film made in accordance with the foregoing example. 

[0193] Fig. 14(a) shows a plan view of the polycrystalline silicon thin film transistor, and Fig. 14(b) shows a cross 

25 section taken along the line A-A' in Fig. 14(a). In Fig. 14(a), there are shown a transparent insulating substrate 201, a 
lower insulating film 202, a upper insulating film 203, a gate insulating film 205, a source electrode film 206, a drain elec- 
trode film 207, a gate electrode film 208, and a large crystal grain region 210b in a polycrystalline silicon thin film 210. 
The polycrystalline silicon thin film 210 is polycrystallized in the manner described in the above Example 1-1. In the 
polycrystalline silicon thin film transistor of the present example, only the large crystal grain region 210b sandwiched by 

30 the upper insulating films 203 is selectively left unremoved by etching or the like method, and a source-drain direction 
is made to be in parallel with a direction of a stripe-like pattern formed by the upper insulation films 203. 
[0194] The gate insulating film 205, the source electrode film 206, the drain electrode film 207, and the gate elec- 
trode film 208 can be formed by the same methods as used for forming conventional thin film transistors, such as a thin 
film deposition and a patterning 

35 [0195] The polycrystalline thin film transistor thus obtained exhibited a field effect mobility of approximately 180 
cm 2 /V • sec, whereas a transistor made in accordance with a prior art method showed a field effect mobility of 70 
cm 2 /V • sec, which demonstrates that a remarkable improvement in TFT characteristics was achieved. 
[0196] It is to be noted that the relationship between the direction of the upper insulating film 203 and the source- 
drain direction is not limited to the above-described relationship, in which both are directed to the same direction. Many 

40 variations are possible insofar as the source-drain direction is made to be in the lengthwise direction of the crystal 
grains formed according to the interval between each of the upper insulating films 203 and so forth. 

EXAMPLE 1-3 

45 [0197] Example 1-3 describes an example in which a polycrystalline silicon thin film transistor having a larger size 
than the transistor produced in accordance with the foregoing Example 1-2. 

[0198] A polycrystalline silicon thin film transistor of Example 1-3 differs from the thin film transistor of the foregoing 
Example 1-2 in that two large crystal grain regions 210b formed between three upper insulating films 203 are employed 
to form the transistor. In addition, a silicon oxynitride thin film formed by a plasma CVD having a thickness of approxi- 
50 mately 200 nm is used for the lower insulating film 202, and a silicon oxide thin film having a thickness of approximately 
40 nm is used for the upper insulating films 203. Each of the large crystal grain regions 210b is formed by firstly forming 
an amorphous silicon thin film 204 having a thickness of 85 nm on the upper insulating film 203 formed by pattering, 
and then irradiating the amorphous silicon thin film 204 with an excimer laser as in Example 1 -1 to obtain a polycrystal- 
line silicon thin film. 

55 [0199] When the interval of the upper insulating films 203 is increased in order to increase the size of the transistor 
to be produced, it becomes difficult in the polycrystallization treatment to form a sufficient temperature gradient between 
the region in which a transistor is to be formed and the peripheral regions sandwiching the region in which a transistor 
is to be formed, and as a result, there is a possibility that the size of crystal grains in the region in which a transistor is 
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to be formed cannot be made sufficiently large. In view of this problem, the temperature gradient is deliberately 
increased instead of increasing the interval of the upper insulating films 203, and a plurality of large crystal grain regions 
210b with a desirable crystal condition are formed. By combining these, a large-sized thin film transistor with desirable 
characteristics can be achieved. Specifically, for example, a transistor made in accordance with the present example 

5 exhibited a field effect mobility of approximately 200 cm 2 /V • sec, which was a remarkably good characteristic. 

[0200] As has been described thus far, according to a method for producing a polycrystalline silicon thin film tran- 
sistor of the present invention, it is made possible to make large crystal grains exclusively in a region in which a transis- 
tor is to be formed. It is, however, to be noted that a material for the insulating film to be formed on the transparent 
insulating substrate is not limited to silicon nitride, silicon oxynitride, and silicon oxide. Other materials may be employed 

10 insofar as the materials have different thermal conductivities from each other and a selective etching for the materials 
is possible. 

EXAMPLE 2-1 

15 [0201] As a semiconductor device of Example 2-1, an example of a thin film transistor as a semiconductor device 
having large crystal grains is described below. 

[0202] Figs. 16(a) and 16(b) show schematic views of a thin film transistor. Fig. 16(a) shows a plan view thereof, 
and Fig. 16(b) shows a cross sectional view taken along the line A-A' in Fig. 16(a). 

[0203] Referring to Figs. 16(a) and 16(b), an insulating substrate 301 is shown. On the insulating substrate 301, an 
20 undercoat layer 302 is provided, and on the undercoat layer 302, a semiconductor layer 303 is formed by crystallizing 
an amorphous semiconductor film. In the semiconductor layer 303, a plurality of protruding parts 303a are formed with 
predetermined intervals, and each of the protruding parts 303a extends outwardly in the same plane as that of the sem- 
iconductor layer 303. Each protruding part 303a is so formed as to have an approximately rectangular shape, and the 
length (a length of a line protruding from the semiconductor layer 303) and the width (a length of a line perpendicular to 
25 the line protruding from the semiconductor layer 303) are made to be 1 u,m. A first insulating layer 304 is provided over 
the semiconductor layer 303 so as to cover the semiconductor layer 303, and a gate electrode 305 as a first electrode 
is provided at a predetermined position on the first insulating layer 304. A second insulating layer 306 is provided so as 
to cover the gate electrode 305, and a source electrode 307s and a drain electrode 307d are provided at a predeter- 
mined position on the second insulating layer 306, as a pair of second electrodes electrically connected with the semi- 
30 conductor layer 303. 

[0204] It is noted here that the width of the protruding part 303a is not limited to 1 urn However, in order to provide 
one crystal nucleus for each of the protruding parts 303a, it is preferable to make the width within the range of from a 
width approximately equal to or greater than the thickness of the semiconductor layer 303 (for example, 0.05 urn) to 
approximately 3 u.m. The technical reason why the above range is preferred is as follows: on one hand, when the width 

35 of the protruding part 303a is smaller than the thickness of the semiconductor layer, there is a possibility that the crystal 
nucleus to be grown in the protruding part 303a is dragged into the semiconductor layer 303 by the effect of surface 
tension, and therefore the crystal nucleus cannot continue to exist; on the other hand, when the width of the protruding 
part 303a is larger than 3 u.m, there is a possibility that two or more crystal nuclei are grown on the protruding part 303a. 
It is noted that the shape of the protruding part 303a may be other shapes than a rectangular shape, such as a semi- 

40 circular shape and a triangular shape. In addition, the plurality of the protruding parts 303a need not be formed along 
the entire lengthwise line segments opposed to each other in the semiconductor layer 303, and may be provided, for 
example, only in the region corresponding to the gate electrode 305. That is, the protruding parts 303a should be pro- 
vided at least in a channel region that affects the characteristics of the device. In addition, the protruding parts 303a 
may be so formed that they are disposed in the vicinity of an intermediate position between the source and the drain. 

45 An interval between each of the protruding parts 303a next to each other may be suitably selected depending upon 
such conditions as a desired grain size and so forth. In the present example, the interval between each of the protruding 
parts 303a is set to be approximately equal to the length (W) of a line segment perpendicular to the line segment along 
which the protruding parts 303a are provided. Such setting is preferable in that by such setting, a large crystal grain that 
has approximately the same lengths in both lengthwise and widthwise directions is likely to be formed. However, even 

50 if such setting is not employed, the advantageous effect that relatively large crystal grains are formed can be obtained 
since crystals are grown from the peripheral regions in a controlled manner. 

[0205] Because of the provision of such protruding parts 303a in the semiconductor layer 303, the protruding parts 
303a are cooled earlier after the semiconductor layer 303 is heated by the laser beam irradiation, which makes the for- 
mation of crystal nuclei easy to take place therein, and thereafter, crystals are grown from the formed crystal nuclei 
55 towards a central region of the semiconductor layer 303. During this process, the crystal grains grown from the adjacent 
protruding parts 303a next to each other and from the opposing protruding parts 303a tend to grow until they reach the 
vicinity of a central region of the semiconductor layer 303 without interfering each other, and consequently, relatively 
large crystal grains are formed. Hence, the field effect mobility is increased and TFT characteristics are improved. 
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[0206] Now, with reference to Figs. 18(a) to 18(e), a method of producing the above-described thin film transistor is 
detailed below. Figs. 18(a) to 18(e) illustrate the steps of producing such a thin film transistor described above. 
[0207] Firstly, as shown in Fig. 18(a), an undercoat layer 302 is formed on an insulating substrate 301, and silicon 
is attached on the undercoat layer 302 to form an amorphous (non-single crystal) semiconductor layer 303. Secondly, 
5 a photoresist (not shown) is selectively formed in a predetermined shape, and using the photoresist as a mask, the 
amorphous semiconductor layer 303 is formed into such a shape as shown in the foregoing Fig. 16(a) that a plurality of 
the protruding parts 303a extending outwardly in the same plane as the amorphous semiconductor layer 303 are pro- 
vided along the whole lengths of the opposed line segments of the amorphous semiconductor layer 303. Thereafter, the 
photoresist is removed. 

w [0208] Subsequently, as shown in Fig. 18(b), the amorphous semiconductor layer 303 is irradiated with an excimer 
laser as an energy beam to crystallize the amorphous semiconductor layer 303 into a modified layer of poly-Si. Here, 
after the laser light irradiation, the heat accumulated in a protruding part 303a situated in the peripheral region can dif- 
fuse in three outward directions in a plane parallel to the semiconductor layer 303, whereas the heat accumulated in the 
central region cannot diffuse except towards the peripheral region that is not yet cooled. Therefore, the peripheral 

15 region including the protruding part 303a is cooled sufficiently earlier than the central region. As a result, a crystal 
nucleus in the protruding part 303a is formed in an earlier stage than crystal nuclei in the central region, and the crystal 
nucleus formed in the peripheral region grows towards the central region before crystal nuclei are formed or grown in 
the central region. Thereby, it is made possible to control a crystal grain size and a crystal orientation. Thus, the inter- 
ference between crystals during the process of crystal growth is prevented, and a sufficient crystal grain size can be 

20 easily obtained. 

[0209] Subsequent to the above, as shown in Fig. 1 8(c), a first insulating layer 304 is formed on the semiconductor 
layer 303 and the undercoat layer 302, and a gate electrode 305 as a first electrode, is selectively formed on the first 
insulating layer 304. 

[0210] Thereafter, as shown in Fig. 18(d), utilizing the gate electrode 305 as a mask, a source region 303s and a 
25 drain region 303d are formed by adding an impurity serving as a donor or an acceptor into the semiconductor layer 303 
with the use of an ion implantation method or a non-mass separation ion doping method. 

[0211] Finally, as shown in Fig. 18(e), a second insulating layer 306 is formed, and thereafter contact holes are 
opened and a source electrode 307s and a drain electrode 307d are selectively formed, thereby completing a thin film 
transistor. 

30 [0212] Although Si is used for the semiconductor layer 303 in the present example, other materials such as a com- 
pound of Si and Ge may also be employed. Other combinations of group IV elements such as SiC, combinations of a 
group III element and a group V element such as GaAs, combinations of a group II element and a group VI element 
such as CdSe are also possible. In addition, although an example of a polycrystalline silicon thin film transistor has 
been described here, the present invention is not limited thereto and can be suitably applied to other various semicon- 

35 ductor devices. 

[0213] Further, although an excimer laser is used as an energy beam to polycrystallize the amorphous semicon- 
ductor layer 303 in the present example, other energy beams may be employed. Examples of other energy beams 
include a laser light such as Ar laser, YAG laser, and so forth, ion beams, and electron beams. 

40 EXAMPLE 2-2 

[0214] Now, an example of an inverted staggered type thin film transistor is detailed as a semiconductor device of 
Example 2-2. 

[0215] Figs. 17(a) and 17(b) schematically show the thin film transistor according to Example 2-2. Fig. 17(a) shows 
45 a plan view of the thin film transistor, and Fig. 17(b) shows a cross-sectional view taken along the line A-A' in Fig. 17(a). 
[0216] The thin film transistor of Example 2-2 differs from the thin film transistor of the foregoing Example 2-1 pri- 
marily in that the transistor has an inverted staggered structure and that the protruding parts 303a are formed along the 
whole perimeter line of the semiconductor layer 303. 

[0217] Referring now to Figs. 17(a) and 17(b), an insulating substrate 301 is shown. On the insulating substrate 
50 301 , an undercoat layer 302 is provided, and on the undercoat layer 302, a gate electrode 305 is provided as a first elec- 
trode. A first insulating layer 304 is provided over the gate electrode 305, and on the first insulating layer 304, a semi- 
conductor layer 303 is provided. This semiconductor layer 303 has, as shown in Fig. 1 7(a), a plurality of protruding parts 
303a extending outwardly in the same plane as the semiconductor layer 303, and the protruding parts 303a are formed 
along the whole perimeter line of the semiconductor layer 303 so as to have a predetermined interval between each of 
55 the protruding parts. The shape and other conditions of each protruding part 303a are the same as those in the forego- 
ing Example 2-1. It is preferred that each of the intervals between the protruding parts 303a is approximately equal to 
the width of the semiconductor layer 303 as in the foregoing Example 2-1 , although in Fig. 17(a), the intervals are drawn 
to be narrower for the sake of convenience in the drawing. It is noted, however, that even if the interval is made to be 
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narrower as drawn in Fig. 17(a) or made to be wider, the advantageous effect that relatively large crystal grains are 
formed can be obtained since crystals are grown from the peripheral regions in a controlled manner On the semicon- 
ductor layer 303, a source electrode 307s and a drain electrode 307d are formed, as a pair of second electrodes elec- 
trically connected with the semiconductor layer 303. 
5 [0218] Now, with reference to Figs. 19(a) to 19(e), a producing method of the above-described thin film transistor is 
described. Figs. 19(a) to 19(e) illustrate the steps of producing the thin film transistor. 

[0219] Firstly, as shown in Fig. 19(a), an undercoat layer 302 is formed on a insulating substrate 301, and a gate 
electrode 305 as a first electrode is selectively formed on the undercoat layer 302. 

[0220] Secondly, as shown in Fig. 19(b), a first insulating layer 304 is formed over the gate electrode 305 and the 
10 undercoat layer 302, and an amorphous (non-single crystalline) semiconductor layer 303 is formed by coating silicon 
on the first insulating layer 304. Then, a photoresist (not shown) is selectively formed on the semiconductor layer 303 
into a predetermined shape, and using the photoresist as a mask, the amorphous semiconductor layer 303 is formed 
in such a shape that a plurality of protruding parts 303a extending outwardly in the same plane as the semiconductor 
layer 303 are provided along the whole perimeter line, as shown in the foregoing Fig. 17(a). Thereafter the photoresist 
15 is removed. 

[0221] Subsequently, as shown in Fig. 19(c), the amorphous semiconductor layer 303 is irradiated with an excimer 
laser light as an energy beam to crystallize the amorphous semiconductor layer 303 into a modified layer of poly-Si. In 
this stage, because the protruding parts 303a are formed as described above, a sufficient crystal grain size can be 
readily achieved for the reasons described in the foregoing Example 2-1. 
20 [0222] Thereafter, as shown in Fig. 19(d), a resist 308 serving as a mask against doping is selectively formed on 
the semiconductor layer 303 to have a predetermined shape, and utilizing the resist 308 as a mask, a source region 
303s and a drain region 303d are formed by adding an impurity serving as a donor or an acceptor into the semiconduc- 
tor layer 303 with the use of an ion implantation method or a non-mass separation ion doping method. Then, the resist 
308 is removed. 

25 [0223] Finally, as shown in Fig. 19(e), a source electrode 307s and a drain electrode 307d are selectively formed, 
and thus a thin film transistor is obtained. 

[0224] It is to be noted that various modifications described in the foregoing Example 2-1 are also possible in Exam- 
ple 2-2. 

[0225] In addition, the present example is not limited to the application to an inverted staggered type thin film tran- 
30 sistor as described, and the same advantageous effects as those in the present example can be also obtained when a 
staggered type thin film transistor as in the foregoing Example 2-1 is produced accordingly. Further, instead of forming 
the protruding parts 303a along the whole perimeter line of the semiconductor layer 303 as described above, the pro- 
truding parts 303a may be formed only along the opposed lines as described in the foregoing Example 2-1 . 

35 EXAMPLE 3-1 

[0226] Example 3-1 is now detailed with reference to Figs. 20- 22. A structure of a thin film transistor (TFT) accord- 
ing to Example 3-1 is detailed first. 

[0227] Figs. 20(a) and 20(b) schematically show the structure of a staggered type TFT 410. Fig. 20(a) shows a plan 
40 view of the TFT410, and Fig. 20(b) shows a cross-sectional view taken along the line A-A' in Fig. 20(a). Fig. 21 shows 
a cross-sectional view taken along the line B-B' in Fig. 20(a). As shown in Figs. 20(a) and 20(b), the TFT 410 comprises 
an insulating substrate 401, and on the insulating substrate 401, there are provided an undercoat layer 402, a p-Si film 
403, a first insulating film 404, a second insulating film 406, a gate electrode 405, and three electrodes, namely a gate 
electrode 405, a source electrode 407s, and a drain electrode 407d. 
45 [0228] The insulating substrate 401 is composed of, for example, a glass substrate having a thickness of 1.1 mm 
and a glass transition temperature of 593 °C, and the undercoat layer 402 is composed of, for example, a thin film com- 
prising Si0 2 . The p-Si film 403 is a polycrystalline semiconductor layer, which is formed on the undercoat layer 402 by 
using the method of the present invention. The p-Si film 403 has a channel region 403a, a source region 403b, and a 
drain region 403c, and the channel region 403a is disposed between the source region 403b and the drain region 403c. 
50 The source region 403b and the drain region 403c are produced by doping impurity ions such as phosphorus ions, 
boron ions, and so forth. 

[0229] Regarding the material for the p-Si film 403, silicon (Si), or a compound of silicon and germanium (Ge) may 
be employed. A thickness of the p-Si film 403 is preferable to be within the range of 200 A-1500 A, or more preferably 
within the range of 300 A-1000 A. If the thickness is less than 200 A, a uniform film thickness is difficult to obtain. On 
55 the other hand, if the thickness is greater than 1500 A, a problem of so-called photoconduction is caused, the problem 
in which an electric current flows between the source and drain by the light irradiation. However, when the thickness is 
within the range of 300 A-1000 A, both a uniform thickness and the suppression of photoconduction are achieved. 
[0230] In addition, a width of the channel region 403a in a direction of the arrow X in Fig. 20(a) is, for example, 
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approximately 12 urn, and a width of the p-Si film 403 in a direction of the arrow Y is, for example, approximately 14 ujti. 
[0231] In the channel region 403a, as shown in Fig. 20(a) and Fig.21, a plurality of groove-like gaps 41 1 for control- 
ling an orientation of crystal growth are formed so as to be parallel to a line linking the source region 403b and the drain 
region 403c. Each of the gaps 41 1 has a semicircular edge at both lengthwise edges and a middle portion having a rec- 
5 tangular parallelepiped shape, and a width of the groove in the middle portion (a width of the groove in a direction per- 
pendicular to the lengthwise direction) is approximately 1 pirn. It is noted, however, that the shape of the gaps 411 are 
not particularly restricted. For example, the gap 411 may be formed into a rectangle or the like shape, and made to be 
parallel to a line linking the source region 403b and the drain region 403c. 

[0232] In the channel region 403a, each of the crystal grains results in a shape extending longitudinally and nar- 
w rowly towards the source region 403b or the drain region 403c, and a multiplicity of such crystal grains constitute a poly- 
crystalline semiconductor layer of the channel region 403a. In the channel region 403a having such a polycrystalline 
structure, a density of grain boundaries is small along the direction of a line connecting the source region 403b and the 
drain region 403c, and therefore charge carriers can be transferred at high speed. 

[0233] The first insulating film 404 is composed of, for example, Si0 2 , and is formed over the p-Si film 403 and the 
15 undercoat layer 402. The gate electrode 405 is composed of, for example, aluminum (Al) and the like, and is provided 
on the first insulating film 404 and at a position corresponding to the channel region 403a of the p-Si film 403. The sec- 
ond insulating film 406 is composed of, for example, Si0 2 , and is stacked over the first insulating film 404 and the gate 
electrode 405. 

[0234] In the first insulating film 404 and the second insulating film 406, contact holes 408 are formed, and each of 
20 the contact holes 408 reaches the source region 403b or the drain region 403c of the p-Si film 403. The source elec- 
trode 407s and the drain electrode 407d are composed of, for example, Al, and are so formed to be in contact with the 
source region 403b or the drain region 403c via the contact hole 408. The wiring pattern of the gate electrode 405, the 
source electrode 407s, and the drain electrode 407d is constructed by pattering into a predetermined shape in a posi- 
tion not the cross sectional surface shown in Fig. 21 . 
25 [0235] Now, with reference to the figures, a method of producing the TFT 410 according to Example 3-1 is detailed 
below. 

[0236] Figs. 22(a) to 22(e) schematically show cross sectional views for illustrating steps of producing the TFT 410. 
Firstly, as shown in Fig. 22(a), the undercoat layer 402 is formed on the insulating substrate 401 by an atmospheric 
pressure CVD method. A thickness of the undercoat layer 402 is, for example, 3000 A. 
30 [0237] On the undercoat layer 402, an Si layer is formed by, for example, a plasma CVD method, and on the Si 
layer, a photoresist (not shown) is selectively formed to have a predetermined shape. Then, using the photoresist as a 
mask, an exposure is carried out, and thereafter patterning is performed by etching to obtain a predetermined pattern. 
Thereafter, the photoresist is removed. 

[0238] Thus, an -Si film 413 is formed as a non-single crystalline semiconductor layer having a plurality of gaps 41 1 
35 for controlling an orientation of crystal growth. The thickness of the a-Si film 413 is made, for example, 650 A. In the 
case where the gaps 411 need to be formed in a very small size, a high accuracy photoresist and an exposure by an 
interference pattern of coherent lights can serve the purpose. 

[0239] Subsequent to the formation of the a-Si film 413, the a-Si film 413 is heated by irradiating the entire surface 
of the a-Si film 413 with one shot of an excimer laser as shown in Fig. 22(b), and thereafter cooled. The p-Si film 403 

40 as a crystalline semiconductor layer is thereby formed. 

[0240] By employing a crystallization method utilizing an excimer laser, the temperature of the main portion of the 
a-Si film 413 is sufficiently raised since the a-Si film 413 has a large absorption coefficient in a range of ultraviolet rays, 
whereas the region of the gaps 411, from which a-Si is removed, is maintained at a low temperature because the laser 
light is not absorbed in the region of the gaps 41 1 . As a result, in the process of cooling, the temperature in the vicinity 

45 of the gaps 41 1 (and the peripheral region of the a-Si film 41 3) first reaches the crystallization-starting temperature, and 
crystal nuclei are initially formed in this region. Thereafter, the crystal growth continues to take place from this crystal 
nucleus. As has been mentioned above, the orientation of crystal growth is restricted by the gaps 41 1 each provided in 
parallel, and thereby is guided in a direction parallel to the direction linking the source region 403b and the drain region 
403c. Hence, the resulting p-Si film has a small density of grain boundaries in the direction parallel to the direction link- 

50 ing the source region 403b and the drain region 403c. 

[0241] Regarding the conditions of the irradiation of the energy beam, for example, in the case of an excimer laser 
of XeCI (wavelength: 308 nm) and the like, a laser light pulse of 50 ns in which a cross-sectional shape of the beam is 
a rectangle having each line segment of several millimeters, is used. The energy density (irradiating energy per unit 
area: mJ/cm 2 ) may be selected appropriately so that the a-Si film 413 can be heated to a temperature suitable for the 

55 crystallization. 

[0242] For the excimer laser, other excimer lasers of such as ArF, KrF, XeF and the like may be used other than 
XeCI as above. An interval between the plurality of gaps 411 may be appropriately selected depending upon a thick- 
ness of the a-Si film, conditions of the laser irradiation, and a desired charge carrier mobility. In this example, the interval 
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is set at approximately 2 ujti. A width of the gaps 41 1 may also be appropriately selected depending upon a thickness 
of the a-Si film, a type and intensity of the energy beam to be irradiated, and the like. In Example 3-1 , the width is made 
to be approximately 1 ^im. 

[0243] After the crystallization of the a-Si film as described above, the first insulating film 404 is formed on the p-Si 
5 film 403 as shown in Fig. 22(c) by an atmospheric pressure CVD method, so as to have a thickness of 1000 A. Then, 
by forming an Al film on the first insulating film 404 so as to have a thickness of 2000 A with the use of sputtering, and 
then carrying out a wet etching for approximately 1 minute with the use of an Al etchant liquid, the gate electrode 405 
and a predetermined wiring pattern are formed. 

[0244] Subsequently, as shown in Fig. 22(d), using the gate electrode 405 as a mask; impurity ions serving as 
10 donors or acceptors, such as, specifically, phosphorus ions and boron ions, are implanted in the p-Si film 403 by an ion 
implantation method or a non-mass separation ion doping method. The channel region 403a, the source region 403b, 
and the drain region 403c are thus formed in the p-Si film 403. 

[0245] Then, as shown in Fig. 22(e), the second insulating film 406, composed of, for example, Si0 2 , is formed on 
the gate electrode 405 by an atmospheric pressure CVD method, so as to have a thickness of 5000 A. Thereafter, the 

15 contact holes 408 are formed in the first insulating film 404 and the second insulating film 406 so as to reach the source 
region 403b or the drain region 403c in the p-Si film 403. Following this, an Al film is formed by sputtering to have a thick- 
ness of 3000 A, and a predetermined pattern is formed by dry etching using a BC13/C12 type gas. The source elec- 
trode 407s and the drain electrode 407d, and the wiring pattern of these are thereby formed. 
[0246] According to Example 3-1 as described thus far, it is made possible to form large crystal rains longitudinally 

20 extending in the direction linking the source region 403b and the drain region 403c, and as a result, a staggered type 
TFT having an excellent field effect mobility is achieved. In addition, the present example does not employ costly mate- 
rials for the insulating substrate 401 and the p-Si film 403 and thus can provide TFTs having an excellent field effect 
mobility at low cost. 

25 EXAMPLE 3-2 

[0247] Example 3-2 in accordance with the present invention is detailed with reference to Figs. 23 to 25. Of the 
components of a thin film transistor in accordance with Example 3-2, the components having like functions correspond- 
ing to Example 3-1 are represented by like reference numbers and characters, and such components will not be further 
30 elaborated upon here. 

[0248] Figs. 23(a) and 23(b) show schematic views of an inverted staggered type TFT 420 in accordance with 
Example 3-2, wherein Fig. 23(a) shows a plan view of the TFT 420, Fig. 23(b) shows a cross sectional view taken along 
the line A-A' in Fig. 23(a). Fig. 24 shows a cross sectional view taken along the line B-B* in Fig. 23(a). As shown in Figs. 
23(a) and 23(b), the TFT 420 is provided with, on an insulating substrate 401, an undercoat layer 402, a p-Si film 403, 
35 a first insulating film 404, and three electrodes, namely, a gate electrode 405, a source electrode 407s and a drain elec- 
trode 407d. 

[0249] The gate electrode 405 is formed on the undercoat layer 402 formed over the insulating substrate 401. The 
first insulating film 404 is formed over the undercoat layer 402 and the gate electrode 405. Further, the p-Si film 403 is 
formed over the first insulating film 404. 

40 [0250] In a channel region 403a in the p-Si film 403, a plurality of groove-like gaps 411 are formed in a direction 
from a source region 403b towards a drain region 403c as in the foregoing Example 3-1 (see Fig. 23(a) and Fig. 24). 
The source electrode 407s and the drain electrode 407d are formed so as to be in contact with the source region 403b 
and the drain region 403c in the p-Si film 403 respectively. It is noted that in a region not the cross sectional surfaces 
shown in the figures, the gate electrode 405, the source electrode 407s and the drain electrode 407d are patterned into 

45 a predetermined shape to form a wiring pattern. 

[0251] Now, a method of producing the TFT 420 in accordance with the present example is detailed with reference 
to Figs. 25(a) to 25(e). Figs. 25(a) to 25(e) show schematic cross sectional views illustrating production steps of the TFT 
420. First, in a manner analogous to that in the foregoing Example 3-1, the undercoat layer 402 is formed on the insu- 
lating substrate 401. Subsequently, on the undercoat layer 402, the gate electrode 405 and the wiring pattern are 

50 formed by performing a patterning into predetermined shapes (see Fig. 25(a)). 

[0252] Next, as shown in Fig. 25(b), the first insulating film 404 is formed over the gate electrode 405 and the under- 
coat layer 402. Further, in a manner analogous to that in Example 3-1 , an Si layer is formed on the first insulating film 
404 by for example a plasma CVD method. After a photoresist is selectively formed on the Si layer in a predetermined 
shape, an exposure is implemented using the photoresist as a mask, and thereafter a patterning is performed by etch- 

55 ing to obtain a predetermined shape. Thereafter, the photoresist is removed. Thus, the a-Si film 413 having a plurality 
of gaps 41 1 for controlling an orientation of crystal growth is formed. Then, as shown in Fig. 25(c), an excimer laser is 
applied to the entire surface of the a-Si film 413 to crystallize the a-Si film 413, and thus the p-Si film 403 is formed. 
[0253] Since the gaps 41 1 for controlling are provided in the channel region 403a in the p-Si film 403, the formed 
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crystal grains have a long and narrow shape extending towards the source region 403b or the drain region 403c. As a 
consequence, grain boundaries along the direction of the straight line linking the source region 403b and the drain 
region 403c are practically reduced, and therefore the field effect mobility is improved. 

[0254] Then, as shown in Fig. 25(d), a resist is applied onto the p-Si film 403, and patterned into a predetermined 
5 shape by an exposure and development to form a resist mask 414 as an ion blocking film. The resist mask 414 is not 
particularly limited insofar as the material can block impurity ions, and various known materials may be employed. Spe- 
cifically, for example, a positive resist such as OFPR-5000 (trademark, manufactured by Tokyo Ohka Kogyo Co., Ltd.) 
may be employed. In addition, the resist mask 414 is not limited to materials having photosensitivity such as the resist, 
but may be made of such materials that patterning by photolithography is possible. 
10 [0255] Using the resist mask 414 as a mask, impurity ions of such as phosphorus ions and boron ions are 
implanted into the p-Si film 403 by using, for example, an ion doping method. Thereby, the channel region 403a is 
formed on the p-Si film 403 and the source region 403b, and the drain region 403c are formed on the respective sides 
of the channel region 403a. Thereafter, the resist mask 414 is removed, and further, as shown in Fig. 25(e), the source 
electrode 407s and the drain electrode 407d are selectively formed. Thus, an inverted staggered type TFT 420 in 
15 accordance with Example 3-2 is produced. 

[0256] The inverted staggered type TFT thus produced also achieves the advantageous effects as obtained in the 
foregoing Example 3-1, such as an improvement in the field effect mobility and so forth. 

EXAMPLE 3-3 

20 

[0257] Example 3-3 is characterized in that an early-crystallization region in which crystallization starts at a higher 
temperature than in other regions is provided, in place of the gaps for controlling an orientation of crystal growth 
employed in the foregoing Examples 3-1 and 3-2. Referring now to Fig. 26, a crystalline thin film semiconductor tran- 
sistor in accordance with Example 3-3 is detailed below. Since the present example is identical to the foregoing Exam- 
25 pie 3-1 except that the early-crystallization region is provided in place of the gaps for controlling an orientation of crystal 
growth, no further elaboration except the details regarding the early-crystallization region will be given here. The com- 
ponents having like functions corresponding to Examples 3-1 and 3-2 are designated by like reference numerals and 
characters. 

[0258] As shown in Fig. 26, belt-like shaped early-crystallization regions 421 are formed in the channel region of 
30 the p-Si 403 so as to extend from the source region towards the drain region. In the early-crystallization regions 421, 
impurity ions other than phosphorus ions, boron ions, or the like, are implanted. A TFT 430 having such a configuration 
is produced in the following manner. 

[0259] First, in a manner analogous to that in the foregoing Example 3-1 , the undercoat layer 402 is deposited on 
the insulating substrate 401 by using an atmospheric pressure CVD method. Thereafter, an Si layer is formed on the 
35 undercoat layer 402 by using, for example, a plasma CVD method, and on the Si layer, a photoresist is selectively 
formed in a predetermined shape. After the photoresist is exposed using the photoresist as a mask, and then patterned 
into a predetermined shape by etching, and thus an a-Si film 413 is formed. 

[0260] Subsequently, in the channel region 403a in the a-Si film 413, impurity ions capable of raising the crystalli- 
zation-starting temperature, but not phosphorus ions or boron ions, are implanted in belt-like regions extending from the 
40 source region 403b towards the drain region 403c to form early-crystallization regions 421 . Then, an excimer laser 
beam as an energy beam is applied to the entire surface of the a-Si film 413 in which the early crystallization regions 
421 are already formed for approximately 50 ns, and thereafter the a-Si film 41 3 was cooled for the crystallization of the 
a-Si film 413. 

[0261] When the energy beam is applied to the entire surface of the a-Si film 413, the temperature of the surface of 
45 the a-Si film increases, and then the temperature gradually decreases by heat dissipation. In the process of the temper- 
ature decrease, crystal nuclei are first formed in the early-crystallization region 421 earlier than in other regions. The 
reason is that by implanting impurity ions therein, the early-crystallization region 421 is formed so that crystallization 
takes place at a higher temperature than in the other regions. 

[0262] Thereafter, crystal growth takes place from the crystal nuclei formed in the early-crystallization region 421. 
50 Thereby, a poly-Si film in which large crystal grains are collectively grown can be formed. 

[0263] It is noted that the fabrication steps after the crystallization are the same as those in the foregoing Example 
3-1. 

[0264] The technique for implanting the impurity ions capable of raising the temperature of starting the crystalliza- 
tion are not particularly limited, and various known techniques may be employed. In addition, although the present 
55 example shows an example of a staggered type thin film transistor, the same advantageous effects can be obtained 
also in inverted staggered type transistors. The early-crystallization region is not limited to the one as described above 
in which impurity ions are implanted, but may be formed by such a manner that a crystallized region (pre-crystal) is par- 
tially formed in advance and the differences of the melting points corresponding to the degrees of crystallinity (crystal- 
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lization temperatures) are utilized. In addition, in order to form such pre-crystals in a very small size, for example, the 
irradiation of interference patterns of coherent lights may be employed. 

Supplementary Remarks for Example 3-1 to 3-3 

5 

[0265] The foregoing Examples 3-1 and 3-2 employ a plurality of groove-like gaps 41 1 for controlling an orientation 
of crystal growth longitudinally extending in a direction linking the source region and the drain region are provided in the 
a-Si film 413. However, the present invention is not limited thereto. For example, a plurality of gaps 431 for controlling 
an orientation of crystal growth may be discontinuously provided in the direction linking the source region and the drain 
w region as shown in Fig. 27. In such a configuration, by appropriately adjusting the intervals of the gaps 431 in the direc- 
tion linking the source region and the drain region as well as the intervals of the adjacent gaps 431 in a direction per- 
pendicular to the above-described direction, it is made possible to control the size of the crystal grains in the foregoing 
direction. . 

[0266] Further, in the present invention, it is possible to provide a plurality of gaps having a depth such that the gaps 
15 do not pierce through the a-Si film as shown in Fig. 28. In addition, such gaps may be formed in discontinuous island- 
like shapes. 

[0267] When such gaps not piercing through the a-Si film are provided, the protruding portions that form the gaps 
may be removed by etching or the like after the step of forming the p-Si film, so as to planarize the surface of the p-Si 
film. 

20 [0268] In addition, for example, a member having a specific heat different from that of the main portion may be pro- 
vided over the channel region of the a-Si film 413, and the member may have, for example, a rod-like shape. Further, a 
plurality of regions having different specific heats from each other may be provided for controlling an orientation of crys- 
tal growth. For example, if a member having a larger specific heat than that of the a-Si film is placed thereon and an 
energy beam is applied for a short time, the temperature increase in the portion of the a-Si film in contact with the mem- 

25 ber is small, and therefore crystal nuclei start to form earlier in the region than in other regions. On the other hand, for 
example, if a plurality of members having a smaller specific heat than that of the a-Si film are placed over the a-Si film 
in the direction linking the source region and the drain region and an energy beam is applied for a short time, the relative 
temperature in the intermediary portions of the plurality of members becomes low, and thereby crystal nuclei first start 
to form in the intermediary portions, which serves to prevent the disorderly formation of crystal nuclei. 

30 [0269] In the present example, although Si or a compound of Si and Ge is given as an example of the material for 
the p-Si film 403, other materials may be employed. For example, other combinations of group IV elements such as SiC, 
combinations of a group III element and a group V element such as GaAs, combinations of a group II element and a 
group VI element such as CdSe are also possible. 

[0270] In addition, in the foregoing examples of the present invention, it is shown that Al is employed as the material 
35 for the gate electrode 405, the source electrode 407s, and the drain electrode 407d. However, other materials such as 
chromium (Cr), molybdenum (Mo), tantalum (Ta), titanium (Ti), and mixtures thereof may also be employed. 
[0271] Further, the examples of the present invention employ an excimer layer as the energy beam for crystallizing 
the a-Si film 413, but other energy beams such as a laser light including Ar laser and YAG laser, ion beams, electron 
beams, and the like may be employed. By employing such energy beams as well, a high-density energy can be readily 
40 applied to targeted spots within a short time and therefore the crystallization can be performed in a state where the sub- 
strate temperature is maintained at a relatively low temperature. 

EXAMPLE 4-1 

45 [0272] Example 4-1 employs a light beam having a distribution pattern such that a light energy intensity within a 
beam width (a light energy per unit area, hereinafter simply referred to as a light intensity) monotonously increases one 
side to the other or monotonously decreases from one side to the other, in order to perform crystallization. 
[0273] A typical distribution pattern such that a light intensity monotonously increases one side to the other or 
monotonously decreases from one side to the other is represented by the pattern having a linear light intensity gradient 

so as shown in Fig. 29(a), but the distribution pattern may be such that the light intensity increases or decreases in a con- 
stant direction in an exponential function-like manner. 

[0274] Examples of the light sources for the above-described light beam (not yet shaped) include various lasers 
such as a He-Ne laser, an argon laser, a carbon dioxide gas laser, a ruby laser, and an excimer laser. The use of an 
excimer laser is preferred because a high output can be produced and the beam is absorbed well by silicon. Now, a 
55 laser annealing method utilizing the excimer laser according to the present invention is described below. 

[0275] Fig. 42 shows a schematic view illustrating the crystallization procedure using the laser annealing method. 
In Fig. 42, the reference numeral 1400 designates a light beam-applying unit, and the numeral 1410 designates an 
object to be irradiated with the light beam. The numeral 1401 designates a laser light generator employing a XeCI exci- 
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mer laser, for example, and the numeral 1402 a mirror, and the numeral 1403 a beam homogenizer. The light beam- 
applying unit 1400 has such a construction that a light beam generated by the laser beam generator 1401 is guided via 
the mirror 1402 to the beam homogenizer 1403 in which the light beam is shaped into a predetermined light intensity 
pattern, and then outputted. The beam homogenizer 1403 has an optical system for shaping light beam, and in the 
5 present example, a transmission filter (not shown) having a light transmissivity gradient as shown in Fig. 31 is provided 
on the most downstream in the light path. Thus, the light beam generated in the laser beam generator 1401 transmits 
through the transmission filter, whereby the light beam is shaped into a light beam having a pattern as shown in Fig. 
29(a). 

[0276] The above-described light beam-applying unit 1400 is capable of outputting a light beam having an average 
10 energy density (irradiation energy per unit area) of 300 mJ/cm 2 , an energy density in a low energy density region L 
being 250 mJ/cm 2 , an energy density in a high energy density region H being 350 mJ/cm 2 , and a cross-sectional beam 
shape being 7 mm x 7 mm. This light beam is applied to a surface to be crystallized, such as a surface of an amorphous 
silicon thin film, so as to crystallize the object to be crystallized. 

[0277] More specific explanation for the process of the crystallization will follow. First, as shown in the object 1410 
15 to be irradiated in Fig. 42, a non-single crystalline silicon film 1412 having a film thickness of 85 nm is deposited on the 
glass substrate 141 1 by using, for example, a reduced pressure CVD method. Specifically, the non-single crystalline sil- 
icon film 1412 is formed by using monosilane gas (SiH 4 ) or disilane gas (Si 2 H 6 ), setting the pressure at several torr, and 
heating the glass substrate 1411 at 350-530°C. 

[0278] In the above-described process, an undercoat layer 1413 composed of, for example, SiC>2 may be formed 
20 on the glass substrate 1411, and a non-single crystalline silicon film 1412 may be deposited over the formed undercoat 
layer 1413. The method for depositing the non-single crystalline silicon film 1412 is not limited to the reduced pressure 
CVD method, but for example, a plasma CVD method may be used. The film thickness of the non-single crystalline sil- 
icon film 1412 is not limited to 85 nm but may be appropriately determined. 

[0279] In the non-single crystalline silicon film 1412 thus formed, a specific region 1404 is irradiated and fused with 

25 10 shots of, for example, the shaped excimer laser beam emitted from the light beam-applying unit light 1400, and then 
allowed to dissipate heat to crystallize. In the present example, the irradiation with the light beam was carried out in the 
following manner (see Fig. 43): when the light beam was irradiated, the object 1410 to be irradiated was placed in a 
sealed container having a window made of quartz and the sealed container was evacuated (about 10~ 6 torr), and the 
light beam was applied through the window to the specific region 1404 at room temperature (about 23 °C) Note that the 

30 sealed container is not shown in Fig. 42. 

[0280] The above-described conditions are exemplary and not restrictive except that the light beam to be employed 
has a distribution pattern such that the light intensity within the beam width monotonously increases from one side to 
the other or monotonously decreases from one side the other. For example, the light energy density may be other than 
described above, inasmuch as the light beam has the light intensity and light intensity gradient sufficient to crystallize 

35 the non-single crystalline silicon film 1412. 

[0281] In addition, the degree of the light intensity gradient is not particularly restrictive but may be selected in con- 
sideration of the quality, thickness and other properties of the non-single crystalline thin film so that the crystallization 
may be appropriately guided or controlled. Further, the beam width of the light beam to be applied and the number of 
irradiations (the number of shots) are not limited to the above-described conditions. For example, only one shot of a 

40 laser beam having a higher intensity may be applied. 

[0282] In addition, the cross sectional shape of the light beam is not particularly limited either, but may be, for exam- 
ple, a triangular shape or a circular shape. 

[0283] Referring now to Figs. 29(a) to (g), the growth behavior of crystal in the case of employing a light beam hav- 
ing a light intensity gradient is described below. 

45 [0284] When a light beam having a light intensity pattern as shown in Fig. 29(a) is applied to the non-single crys- 
talline silicon thin film, the temperature on the irradiated surface shows a pattern such that the temperature gradient 
slopes upwards in the central region and abruptly changes in the peripheral regions, as indicated by the numeral 701 
(temperature distribution curve) in Fig. 29(b). The abrupt temperature gradients are formed in the peripheral regions 
because the heat dissipated towards the outer periphery is large. Thereafter, when the light irradiation is stopped, the 

so temperature of the region in the vicinity of the crossing of the temperature distribution curve 701 and the crystallization 
temperature line 702 (in the vicinity of the boundaries) first decreases below the melting point. Thereby, micro-crystals 
704 are formed in the vicinity of the region (the numeral 703 designates a cross sectional surface of the thin film). 
[0285] Then, utilizing the crystals 704 as nuclei, crystal growth proceeds in the rightward direction in the drawing 
where the temperature is still above the crystallization temperature. Unlike the case of the foregoing Figs. 7(a) to 7(g), 

55 in this case of Fig. 29(b), a temperature gradient is formed in the central region, and therefore, heat flows from the high 
temperature region (side H) into the low temperature region (side L), which heat serves to alleviate an abrupt temper- 
ature drop and to guide the crystal growth towards the high temperature region (the right side in the drawing). Accord- 
ingly, the formation and growth of crystal nuclei proceed smoothly, and as a result, uniformity in crystal grain sizes and 
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crystallinity is increased, and crystal grains longitudinally extending from the L side towards the H side (in the orienta- 
tion of crystal growth) are formed. In brief, when a light beam having a light intensity gradient is employed, it is made 
possible to produce a crystalline thin film having a high mobility in the orientation of crystal growth. 
[0286] It is to be noted that when applying the light beam, the light applying unit and the substrate may be in a fixed 

5 state (stationary state), or either the light applying unit and the substrate may be moved or reciprocated. In the case of 
the light applying unit and the substrate being moved or reciprocated, it is preferable that the movement be made in the 
direction of the light intensity gradient (in the direction of from L to H or from H to L) as shown in Fig. 30. When moved 
or reciprocated in this direction, it is possible to finely control the orientation of crystal growth and increase the uniform- 
ity of the size of crystal grains and crystallinity. Furthermore, if the speed of moving is adjusted according to the degree 

10 of the light intensity gradient and the light irradiation intensity, the orientation of crystal growth can be further finely con- 
trolled. 

[0287] It is noted that the arrows in Fig. 30 indicate the directions of the movement, the numerals 711 and 712 
respectively indicate the regions to be irradiated before and after the movement, and the numeral 713 designates the 
repeatedly irradiated region (shaded area). 
15 [0288] Fig. 30 illustrates an example in which the light beam is moved, but the substrate may be moved instead of 
the light beam. In addition, in the case where a plurality of shots of light beam are applied, the irradiation may be per- 
formed with the irradiation position being shifting or staggering by several percent to several tens percent of the irradi- 
ation area. 

[0289] The poly-Si thin film produced in the manner described above is generally used for producing a TFT, with the 
20 central region being used as a channel region, and a source region and a drain region formed by implanting impurity 
ions such as phosphorus ions and boron ions into both side regions of the channel region. It is to be noted that the light 
beam having the energy intensity pattern (Fig. 29(a)) described in the present example is effective in the crystallization 
of a relatively narrow region where a peripheral circuit for AM-LCD (active matrix liquid crystal display) and the like is to 
be formed. 

25 

EXAMPLE 4-2 

[0290] Example 4-2 (as well as Example 4-3 to be described later) is effective in the crystallization of a relatively 
wide area. 

30 [0291] A light intensity distribution pattern of a light beam employed in this example is shown in Fig. 32(a). As 
shown in Fig. 32(a), the light beam according to Example 4-2 has a pattern such that a region H 721 having a high light 
intensity and a region L 722 having a tow light intensity are alternately disposed on a plane. The ratio of the light inten- 
sities of the region H and the region L is not particularly limited, but may be appropriately determined. Generally, the 
total amount of the light energy is determined so that the entire surface to be irradiated (both regions L and H) is fused 

35 within a prescribed number of shots of the irradiation. In the present example, the light intensity for the region H was 
300 m J/cm 2 , the light intensity for the region L was 200 mJ/cm 2 and the thickness of the amorphous silicon thin film was 
50 nm. Other conditions were the same as in the foregoing Example 4-1. 

[0292] With reference to Figs. 32(a) to 32(g), the crystallization behavior in the present example is detailed below. 
First, when a light beam having a light distribution characteristic shown in Fig. 32(a) is applied, the temperature on the 

40 surface of the thin film shows a distribution pattern as shown in Fig. 32(b). In the process during which the temperature 
of the irradiated surface decreases after the light irradiation is completed, crystal nuclei 724 are formed in the position 
corresponding to the region L 722 at the time when the temperature of the region L 722 approaches to the crystalliza- 
tion temperature line 723, as shown in Fig. 32(c) (the numeral 725 shows a cross sectional surface of the thin film). As 
the temperature further decreases (Fig. 32(d)), the crystal growth is guided towards the high temperature regions H by 

45 the heat conducted from the high temperature regions H to the low temperature regions L, and simultaneously, addi- 
tional crystal nuclei are formed and grown in the same manner (Fig. 32(e)). 

[0293] Such formation and growth of crystals continue until the temperature of the high temperature region H 
decreases below the melting point (Figs, 32(f) and 32(g)), and in the present example, the orientation of crystal growth 
is guided in a direction from L towards H. Therefore, crystal grains grow from each low temperature region L between 

so the high temperature regions H, and as a result, the crystal grains collide with each other in the vicinity of the central 
region 726 in each high temperature region H (Fig. 32 (g)). Thereby, a grain boundary is formed in the vicinity of the 
central region in each high temperature region H, and consequently the further crystal growth is guided in a direction 
parallel to the direction from L towards H. Accordingly, crystals are somewhat grown in the direction perpendicular to 
the direction from L towards H, and as a result, crystal grains longitudinally extending in the direction perpendicular to 

55 the direction from L towards H are formed. 

[0294] Thus, according to the present example, it is made possible by the above-described mechanism to smoothly 
perform crystallization of a relatively wide region to be irradiated, for example, of a several centimeter square region. 
Further, as has already been explained, when the light irradiation is performed by setting the light beam so that the 



29 



EP 1 049 144 A1 



direction from L towards H results in a direction perpendicular to the direction of the movement of carriers (a source- 
drain direction), carriers can move without crossing grain boundaries, hence achieving high speed TFTs. 
[0295] In the present example as well as in the foregoing Example 4-1 , the light irradiation may be performed by 
moving (or reciprocating) either the light beam or the substrate within the irradiation time (from t = t1 to t = t2 ) as 
5 shown in Fig. 33. Thereby, the uniformity of crystallinity can be further increased. It is noted that in Fig. 33, the numerals 
731 and 732 respectively designate the positions of the regions to be irradiated before and after the movement, the 
numeral 733 (shaded part) designates the repeatedly irradiated region, and the arrows indicate the directions of the 
movement. The movement is, of course, not limited to such a movement. 

[0296] It is also noted that such a light beam as shown in Fig. 32(a) in which a portion having a strong light intensity 
10 H and a portion having a weak intensity L are arranged in a fringe pattern can be readily realized by known techniques 
without requiring a special technique, and no restriction is placed on means for realizing such a light beam. One of the 
example of realizing such a light beam is as follows: pieces of filters that absorb the light to be applied to a certain 
degree are arranged at specific intervals so as to form a comb-like shaped transmission filter having a transmission dis- 
tribution as shown in Fig. 34, and the filter is placed in a light path of the light beam-applying unit (for example, in the 
15 beam homogenizer). Another example is a means such that a filter composed of metallic fibers being arranged in par- 
allel to each other in a longitudinal or latitudinal direction is disposed in the light path. Further another example is a 
means in which diffraction interference is caused by providing slits in the light path to produce a stripe-like shaped light 
intensity pattern. 

20 EXAMPLE 4-3 

[0297] Example 4-3 pertains to a method of imparting non-uniformity to the light intensity distribution by utilizing 
light interference. This method, as well as Example 4-2, can control the light intensity distribution pattern relatively at 
will and therefore is suitable for crystallization of a relatively wide area. 

25 [0298] A light intensity distribution pattern of a light beam employed in this example is shown in Fig. 35. Such a light 
intensity distribution pattern can be readily formed by a means in which light interference is caused by simultaneously 
applying two coherent light beams 801 and 802 as shown in Fig. 36. Specifically, for example, a laser beam produced 
from a light ray is divided into two light paths by a semitransparent mirror, and a relative angle is formed by the light 
paths with the use of a reflector, in order to cause interference. 

30 [0299] In this connection, when two coherent lights are made to interfere with each other, parts having a high light 
intensity (bright line parts H) and parts having a low light intensity (dark line parts L) are formed. The cycle of the inter- 
ference pattern can be freely changed by adjusting the angle formed at the crossing of the two light beams, and the 
degree of modulation (that has an influence on the ratio of the light energy intensity of the bright line part to that of the 
dark line part) can be changed easily by varying the energy intensities of the two light beams. Therefore, the interval 

35 and the intensity ratio of the bright line parts H and the dark line parts L can be set relatively freely. Thus, the interval 
and intensity ratio are suitably set in consideration of the thickness and the like of the non-crystalline thin film, whose 
surface is to be irradiated. 

[0300] With reference to Figs. 37(a) to 37(g), the crystal growth behavior in the case of employing the light beam 
having such an interference pattern is now detailed below. It is noted that the conditions of the operation in the present 

40 example are the same as those in Example 4-1 . 

[0301] When the light beam characterized by Fig. 37(a) is applied to the non-single crystal silicon thin film, a tem- 
perature distribution pattern (curve 901) in which the temperature is high in the bright line part H and low in the dark line 
part L is formed on the thin film (Fig. 37(b)). In the process during which the temperature decreases after the light irra- 
diation is completed, crystal nuclei 903 are formed in the regions where the curve 901 first crosses the crystallization 

45 temperature line 902 (where the temperature is the lowest in the low temperature region L). As the temperature further 
decreases (Fig. 37(d)), the crystal growth is guided in a direction from L towards H by the heat conducted from the high 
temperature region H to the low temperature region L, and simultaneously, additional crystal nuclei are formed grown 
in the same manner (Fig. 37(e)). The formation and growth of crystals continue until the temperature in the high tem- 
perature region H, which corresponds to the bright line part H, decreases below the melting point (Figs. 37(0 and (g)). 

so [0302] Thus, according to Example 4-3, it is made possible by the above-described mechanism to produce a crys- 
talline semiconductor thin film having a uniform crystallinity and high field effect mobility in a relatively wide area. Fur- 
thermore, in the present example as well as in the foregoing Example 4-2, a grain boundary (the line at which crystal 
grains collide with each other) is formed in the central region of the high temperature region, and therefore, as described 
in the foregoing Example 4-2, a high field effect mobility can be obtained by employing as the direction of carrier move- 

55 ment a direction perpendicular to the direction of the array of H -> L H -> L. 
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EXAMPLE 4-4 

[0303] Example 4-4 is basically similar to the foregoing Example 4-3. In the present example, however, the cycle of 
interference pattern and the degree of modulation are dynamically adjusted so that the bright line parts H and the dark 

5 line parts L change in a wave-motion-like manner. Now the detail of Example 4-4 is given below. 

[0304] As shown in Fig. 38, at least one of the two coherent light beams is subjected to a dynamic phase modula- 
tion to form a light beam in which the positions of the bright line parts and the dark line parts in the interference pattern 
change in a wave-motion-like manner. The phase modulation is performed so that, for example, the phase of one of the 
light beams is sequentially changed to be 0, n/2, rc... relative to the other light beam. This chronologically shifts the posi- 

10 tions of the bright line part and the dark line part in the interference pattern, and thus forms a light beam in which a 
striped pattern of the bright line parts and the dark line parts changes in a wave-motion-like manner (Fig. 38). 
[0305] Examples of the means for the phase modulation include a method such that, by using a mirror, the light 
path length of one of the two light beams is dynamically changed to cause the phase modulation, and a method such 
that the reflectivity of a transparent material disposed in the light path is dynamically changed. Such optical systems are 

15 incorporated in the foregoing beam homogenizer (the reference numeral 1403 in Fig. 42), for example. 

[0306] The present example is very effective in guiding the crystal growth in a specific direction since the tempera- 
ture distribution pattern on the surface of the thin film to be irradiated becomes such that the high temperature region 
H and the low temperature region L replace each other in a wave-motion-like manner. Moreover, the method has an 
additional advantageous effect that impurities are expelled from the effective region, and thereby can increase the purity 

20 of the thin film, achieving a high quality crystalline thin film. Such an effect of expelling impurities from the effective area 
is based on the following principle. The thin film component and the impurities have different physical properties such 
as melting points and specific gravities, and the wave-motion-like temperature variation causes a difference in proceed- 
ing velocity between the two. Therefore, by repeating the irradiation a number of times, the impurities present in very 
small amounts are separated from the thin film component. 

25 [0307] It is noted here that the cycle of the interference pattern and the degree of modulation may be adjusted dur- 
ing one shot of the irradiation or each time of a number of shots of the irradiation. In addition, the degree of modulation 
may be controlled depending upon each of the stages in the crystal growth. By employing these, the crystal growth can 
be more suitably guided. 

[0308] In both of Example 4-3 and 4-4, the irradiation may be performed while either the laser light or the substrate 

30 is being moved (or reciprocated) to more appropriately control the crystal growth, as in the foregoing Example 4-1 or 4- 
2. When the movement is directed in a the direction parallel to the direction of the fringe pattern made of the bright line 
parts H and the dark line parts L, the effect of expelling impurities can be obtained by the foregoing Example 4-3 as well. 
[0309] In the above-described example, the temperature distribution is made in the surface direction of the irradi- 
ated region, but it is also possible to form the light intensity distribution in the thickness direction of the thin film to be 

35 irradiated, as shown in Fig. 39. Fig. 39 schematically shows an object to be irradiated being irradiated with a light beam, 
the object in which a thin film of an amorphous silicon layer 1 101 , an undercoat layer 1 102 (Si0 2 ), and a glass substrate 
1 103 are layered in order of the direction of the irradiation (from above in the drawing). When a light beam having a light 
intensity distribution along the vertical direction (thickness direction) enters the object to be irradiated, a temperature 
distribution corresponding to the waveform is formed in the thickness direction. However, silicon thin films used for TFTs 

40 generally have a thickness as small as several tens of nanometers, which is smaller than the periodic cycle of the inter- 
ference pattern, and therefore, it is difficult to form a periodic temperature distribution in the thickness direction. 
[0310] Yet, the upper surface of the thin film 1101 is cooled by heat radiation to the surrounding environment, and 
the lower surface (the substrate side) is also cooled by heat conduction to the undercoat layer 1 102 and the glass sub- 
strate 1 103. This indicates that a temperature distribution is also present in the thickness direction, and it is possible to 

45 enhance this temperature distribution. In order to enhance the temperature distribution in the thickness direction, the 
above-described interference pattern can be utilized. Specifically, for example, the interference can be caused by a 
reflector provided on the lower surface of the glass substrate 1103. Or alternatively, the reflectivity difference between 
the thin film 1 1 01 and the undercoat layer 1 1 02 or between the thin film 1 1 01 and the glass substrate 1 1 03 is increased 
to cause the interference between the light incoming from the direction of the thin film and the light reflected at the inter- 

50 face of each layer. In addition, by adjusting the periodic cycle of the interference pattern, the temperature distribution 
can be formed in the thickness direction, and thereby the crystal growth in the thickness direction can be controlled. 
[0311] In the case of controlling the temperature distribution in the thickness direction, it is desirable to specifically 
determine suitable conditions for each case taking into consideration the thickness of the non-single crystalline thin film 
and the thermal conductivities of the undercoat layer and the substrate. As another variation, it is possible that a light 

55 emitted from a single light source is divided into two lights, and one is applied from the direction of the surface thin film 
(from above) whilst the other is applied from the direction of the substrate (from below), whereby the interference is 
caused inside the thin film. Note that in this case, the substrate and the undercoat layer must be composed of a material 
capable of transmitting the light beam. 
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EXAMPLE 4-5 

[031 2] The present example is characterized in that, by suitably setting the pressure of the ambient gas in the proc- 
ess of crystallization, a temperature gradient is formed on a surface to be crystallized. In the preceding Examples 4-1 
5 to 4-4, by contrast, the light intensity pattern of the light beam is adjusted or controlled, and thereby crystallinity and uni- 
formity of crystals are improved. Accordingly, the approach of the present example is completely different from those in 
the Examples 4-1 to 4-4. The present example will now be detailed below. 

[0313] Fig.40 shows a cross sectional view of the object to be irradiated (layered material) as shown in Fig. 39. In 
Fig. 40, the reference numeral 1200 designates the surface to be irradiated with the light beam, the numeral 1201 a thin 

10 film, the numeral 1202 an undercoat layer, and the numeral 1203 a substrate. The arrows indicate the directions of heat 
conduction (directions of heat radiation). As shown in Fig. 40, although part of the heat diffuses in the ambient atmos- 
phere (in the upward direction) and in the outward directions from the irradiated region in the thin film (in the rightward 
and leftward directions in the figure), most of the heat is conducted towards the substrate (in the downward direction), 
where the contact area is large and the thermal conductivity is high. In this connection, prior art laser annealing meth- 

15 ods are performed in highly evacuated atmosphere, and employs a light beam having a uniform distribution of light 
intensity. Therefore, as described in the foregoing Example 4-1, a temperature gradient is difficult to be formed in the 
central region of the irradiated surface, and hence crystal nuclei are difficult to be formed at the early stage of cooling. 
In addition, a large number of crystal nuclei start to be formed simultaneously at a certain stage of the process of cool- 
ing, which is undesirable. 

20 [0314] Unlike such prior art methods, the present example is characterized in the ambient atmosphere is not evac- 
uated to a high degree, and that by utilizing motion of the molecules of the gas constituting the ambient atmosphere, a 
region not uniform in temperature is produced in the surface irradiated with a light. 

[031 5] First, the principle of this Example 4-5 will be discussed. The time of one shot (one pulse) of such a pulsed 
light as an excimer laser is generally as short as 20 to 50 nanoseconds. Therefore, it is necessary that within such a 
25 short irradiation time, silicon or the like be heated above the melting point, and this requires that silicon or the tike should 
generally be an extremely thin film with a thickness as thin as several tens of nanometers. Such extremely thin films 
tend to be greatly influenced by the ambient gas molecules in the process of cooling. 

[0316] The gas molecules present in the thin film and the gas molecules constituting the ambient atmosphere are 
performing such a motion that the molecules collide with and depart from the surface of the thin film with a certain prob- 
30 ability. The level of the thermal energy of the gas molecules is lower than that of the irradiated and heated thin film, and 
therefore when the molecules collide with and depart from the surface of the thin film, they take away the heat of the 
thin film. 

[0317] From such an effect of the gas molecules, it is considered that a perturbation-like temperature distribution 
must be formed on the thin film. If, therefore, the pressure of the ambient atmosphere and the type of gas molecules 
35 constituting the ambient atmosphere are selected appropriately, a region not uniform in temperature (a low temperature 
region) can be formed in the irradiated region, even in the case where the region is irradiated with a light beam having 
a uniform light intensity distribution. It is considered that if such a region can be formed, the formation of crystal nuclei 
and smooth crystal growth can be realized. On the basis of this consideration, the following experiments were per- 
formed. 

40 [0318] It is to be noted that in this connection, the crystal nuclei in the process of crystallization play a role analo- 
gous to that by water vapor nuclei when moisture in the atmosphere forms dropwise condensation. 

EXPERIMENT 1 

45 Preparation 

[0319] First, an Si0 2 layer (undercoat layer) having a thickness of 200 nm was formed on a substrate (thickness 
being 1.1 mm) of Corning #7059 glass. Then, an amorphous silicon thin layer having a thickness of 50 nm was formed 
over the undercoat layer. Thus an object to be irradiated was prepared. The object to be irradiated provided with the 

so amorphous silicon thin layer 1503 was then placed in a sealed container 1500 having a window 1501 made of quartz 
glass, as shown in Fig. 43. The air in the sealed container 1500 was evacuated and then hydrogen gas was introduced 
from a hydrogen gas cylinder 1502 to bring the pressure of hydrogen gas in the sealed container up to predetermined 
levels. Then, an excimer laser generated by a laser irradiation unit 1510 was applied to the amorphous silicon layer 
1503 of the object to be irradiated through the window 1501. Thereafter, the object was cooled for crystallization. 

55 [0320] The following pressures were employed as the predetermined pressure (ambient pressure) of the hydrogen 
gas: 5 x 10~ 6 torr, 1 x 10* 5 torr, 1 x 10* 2 torr, 1 x 10" 1 torr, 1 torr, and 10 torr. The conditions of the laser irradiation were 
as follows: the employed light beam was a conventional light beam having a uniform light intensity distribution, 1 pulse 
(1 shot) of the light beam was 30 n.sec, the beam width was 7 mm x 7 mm, and the light intensity was 350 mJ/cm 2 . 
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This light beam was applied 100 pulses. Then, the object to be irradiated was allowed to cool in the environment at 
room temperature to polycrystallize the amorphous silicon layer 1503. 

[0321] It is noted that in Fig. 43, the numeral 151 1 designates an excimer laser generator, the numeral 1512 a mir- 
ror and the numeral 1513 a beam homogenizes 

5 

Relationship between Ambient Pressure and Crystallinity 

[0322] Six samples of the crystalline silicon thin film (poly-Si) prepared under the above-described conditions were 
evaluated by visual observation using an oblique ray. In addition, the Raman intensity was measured by micro-Raman 
w spectroscopy, and crystallinities of those six samples were evaluated assuming the Raman intensity in the case of a 
hydrogen gas pressure being 5 x 10" 6 torr as 1. The results are shown in Table 1 below. 



TABLE 1 
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[0323] As shown in Table 1 , visual observation confirmed that the state of the silicon thin film after the laser anneal- 
ing changes corresponding to the ambient pressure in manufacturing. Specifically, when the hydrogen gas pressure 

30 (ambient pressure) was in the order of 10" 6 torr, a slight bluish scattered light was observed, whereas when the pres- 
sure was increased to the order of 1 0" 5 torr, the scattered light was shifted towards the green side and the entire region 
was rendered brighter. When the hydrogen gas pressure was further increased to the order of 10"\ the scattering 
became strong, with a whitish opaque state, and almost the same state was observed up to the order to about 10 torr. 
[0324] In the evaluation of crystallinity by micro-Raman spectroscopy, the sample crystallized under a hydrogen 

35 gas pressure of 1 x 10~ 5 torr exhibited four times as high the Raman intensity as that of the sample prepared under a 
pressure of 5 x 10" 6 torr. The samples crystallized under a pressure of 1 x 10" 5 torr to 10 torr exhibited 6 to 7 times as 
high. These results confirm the following. 

[0325] Conventionally, it has been a usual practice that the light irradiation is performed with the ambient pressure 
reduced as low as possible (to a highly evacuated state), except for special cases such as where the molecules in the 

40 ambient atmosphere are to be reacted with the thin film. However, as evident from Table 1 , a high degree of crystallinity 
cannot be obtained under such a highly evacuated state. By contrast, the crystallinity improves as the hydrogen gas 
pressure increases. The results of the experiment show that for crystallization by a laser annealing treatment, it is desir- 
able that the ambient atmosphere pressure be higher than a certain value, preferably 1 x 10" 2 torr or higher. 
[0326] It is considered that the reason why a high degree of crystallinity can not be obtained under a highly evacu- 

45 ated state is that a perturbation-like uneveness in temperature cannot be formed by the motion of the gas molecules. 
By contrast, it is considered that the improvement of crystallinity in the case where the pressure of hydrogen gas exists 
is because when the hydrogen molecules collide with and depart form the surface of the thin film, the molecules remove 
the heat from the thin film, forming a local and perturbation-like uneveness in temperature. In short, the results shown 
in Table 1 prove the above discussion. 

50 

EXPERIMENT 2 

[0327] Samples of crystalline silicon thin film (poly-Si) were prepared in the same manner as in Experiment 1 
except that hydrogen gas pressures employed as ambient atmosphere pressures were 5 x 10' 6 torr and 1 torr, and that 
55 the light beam was applied 1, 10, 100, and 500 times under the respective hydrogen gas pressures. Then, in the same 
manner as described in Experiment 2, the Raman intensities were measured, and the effects of hydrogen gas pres- 
sures were evaluated on the basis of the relationship between the number of irradiations and the crystallinity. The 
results are shown in Fig. 41 . 
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[0328] As apparent from Fig. 41 , it was found that in the case of a hydrogen gas pressure of 1 torr, the Raman inten- 
sity increased and the crystallinity improved as the number of irradiations increased. By contrast, in the case of a hydro- 
gen gas pressure of 5 x 10~ 6 torr, the Raman intensity did not increase and the crystallinity did not improve even when 
the number of time of irradiation increased over 10. 
5 [0329] The results indicate that the ambient atmosphere should not be highly evacuated also in a method in which 
the light beam is applied a multiplicity of times to cause crystallization. It was also confirmed by the results that, by at 
least setting the hydrogen gas pressure to be 1 torr, the crystallinity can be improved as the number of times of irradia- 
tion is increased. 

[0330] While the test results under the condition of the pressure exceeding 10 ton are not shown in the foregoing 
10 Experiment 1 , it is considered that a high-quality crystal thin film can be formed also under the condition of the pressure 
exceeding 10 torr. The reason is as follows. It is considered that as the hydrogen gas pressure increases, the number 
of hydrogen molecules colliding with and departing from the surface of the thin film increases, which degrades the effect 
of causing a non-uniformity in temperature distribution. Nevertheless, another effect is obtained, such as in the follow- 
ing. When the thin film is heated to a temperature over the melting point by irradiation, the vapor pressure inside the 
15 thin film increases, and the increased vapor pressure causes such disadvantages that crystal growth is hindered and 
substances constituting the thin film are dispersed. However, if the ambient pressure is high, the high ambient pressure 
suppresses the dispersion of the substances constituting the thin film, and as a result, the crystal growth can proceed 
smoothly. 

[0331] It is noted here that although hydrogen gas (H 2 ), which has a high specific heat and is effective in cooling 
20 heat, was employed as a gas constituting the ambient atmosphere in Experiments 1 and 2, but the gas constituting the 
ambient atmosphere is not limited to hydrogen gas. Examples of the gas include such inert gases as N 2 , He, and Ar, 
and a mixed gas in which the molecules of two or more of these gases are mixed. However, molecules of different types 
of gases have different effects (including adverse effects) on the specific heat and the thin film substances, and there- 
fore, it is preferable to set a suitable gas pressure according to the types of gas molecules. 
25 [0332] It is also noted that while the excimer laser is used as a light beam in the above examples, the light beam 
usable in the present invention is not limited to the excimer laser. Other suitable examples include not only continuous- 
wave lasers such as a He-Ne laser and an argon laser but also a light of an ultraviolet lamp. 

[0333] It is also to be noted that the present invention is particularly effective as a method of polycrystallization, but 
needless to say, is also applicable to a method of crystallization of single crystals. 
30 [0334] Further, while the present invention has been described with particular emphasis on the process of forming 
crystalline semiconductor thin film, it is to be understood that the present invention is widely applicable to modification 
of substances using light energy, such as melt molding and heat annealing of alloys. 

EXAMPLE 5-1 

35 

[0335] Example 5-1 of the present invention will be detailed with reference to Figs. 44(a), 44(b), and Fig. 45. 
[0336] First, as shown in Figs. 44(a) and 44(b), an amorphous silicon thin film 522 as a precursor semiconductor 
thin film is formed on a glass substrate 521 by a plasma CVD method. The thickness of the amorphous silicon thin film 
522 is not particularly restricted, and is generally varied depending on the application. For example, the thin films for 
40 use in TFTs are formed to have a thickness of about 300 to 1000 A, whereas the thin films for photosensors or photo- 
voltaic devices such as solar cells are to have a thickness of about 1 urn or greater. 

[0337] Second, the glass substrate 521 having the amorphous silicon thin film 522 formed thereon is placed on a 
substrate stage 535, and the amorphous silicon thin film 522 is irradiated for 5 seconds in a stationary state with a first 
energy beam for crystallization, a laser beam 531a of an XeCI excimer laser 531 , and a second energy beam for pre- 

45 heating, a laser beam 532a of an Ar laser 532. 

[0338] More particularly, the XeCI excimer laser 531 has an oscillation frequency of 50 Hz, a wavelength of 308 nm, 
and an irradiation energy of 300 mJ/cm 2 . The Ar laser 532 is a continuous wave laser having a wavelength of 488 nm 
and an output power of 20 W/cm 2 . The laser beam 531a transmits through a semitransparent mirror 533, whereas the 
laser beam 532a is reflected by the semitransparent mirror 533. In the amorphous silicon thin film 522, the regions 

50 531b, 532b to be irradiated respectively with the laser beams 531a, 532a have a belt-like shape, and the laser beam 
532a is applied to the region 532b, which is wider than and includes the region 531 b to be irradiated with the laser beam 
531a. 

[0339] As described above, it is preferable that the laser beams 531a, 532a be applied perpendicular to the amor- 
phous silicon thin film 522, such as by using the semitransparent mirror 533, from such a viewpoint that the non-uni- 
55 formities in crystal grain sizes and field effect mobilities are easily reduced. However, the laser beams are not 
necessarily applied at exactly right angles, but may be applied substantially perpendicular to the amorphous silicon thin 
film 522, such as by slightly staggering two mirrors. In addition, as an alternative to the XeCI excimer laser 531 , various 
other lasers having a wavelength of 400 nm or less, such as an ArF, KrF, or XeF excimer laser may be employed, and 
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as an alternative to the Ar laser 532, various other lasers having a wavelength of 450-550 nm may be employed. 
[0340] The amorphous silicon thin film 522 has, in the case of the film thickness being 1000 A for example, a trans- 
missivity characteristic as shown in Fig. 1. Specifically, the absorption coefficient for a light having a wavelength of 
about 500 nm is about 10 5 cm" 1 , which is about the reciprocal number of the film thickness, and the absorption coeffi- 

5 cient for a light having a wavelength of less than 400 nm is 10 6 cm" 1 , which indicates that little of the light transmits 
through the film. Accordingly, on one hand, most of the laser beam 531a of the XeCI excimer laser 531 , which has a 
wavelength of 308 nm, is absorbed near the surface of the amorphous silicon thin film 522, and by the resulting tem- 
perature increase and the conduction of the heat, mainly the amorphous silicon thin film 522 is heated to about 1200°C. 
On the other hand, the laser beam 532a of the Ar laser 532 having a wavelength of 488 nm is absorbed in almost the 

w entire region throughout the thickness direction of the amorphous silicon thin film 522, and by the conducted heat, the 
glass substrate 521 is heated to about 400°C. Thereby, after being irradiated with the laser beams 531a and 532a, the 
amorphous silicon thin film 522 is annealed and crystal growth is promoted. Thus, a polysilicon thin film 523 having 
large crystal grains is formed. 

[0341] The polysilicon thin film 523 thus formed and a prior art polysilicon thin film crystallized by using the XeCI 
15 excimer laser 531 alone were subjected to Raman spectroscopy to evaluate the conditions of crystallization. The meas- 
urement result for each of the thin films is shown in Fig. 45, respectively indicated by the reference character P or R. As 
is evident from Fig. 45, it was confirmed that a higher Raman scattering intensity and a better crystallinity was obtained 
in the case (P) where both the laser beam 531a of XeCI excimer laser 531 and the laser beam 532a of the Ar laser 532 
were employed than in the case (R) where the laser beam 532a of the Ar laser 532 alone was employed. 
20 [0342] In another test, the laser beam 531a, 532a were also applied to the entire area of the amorphous silicon thin 
film 522 while moving the glass substrate 521 provided with the amorphous silicon thin film 522 at a speed of, for exam- 
ple, 3 mm/sec, and a plurality of regions of the formed polysilicon thin film 523 were subjected to Raman spectroscopy 
to evaluate a distribution of crystallization. The test result confirmed that a remarkably high degree of uniformity was 
achieved. 

25 [0343] It is noted here that in order to enhance the uniformity of crystallization, it is preferable that the region 532b 
to be irradiated with the laser beam 532a be a larger region than the region 531b to be irradiated with the laser beam 
531a, and include the region 531b. 

EXAMPLE 5-2 

30 

[0344] As shown in Fig 46, an infrared lamp 534 having a wavelength of for example 4 u.m may be employed in 
place of the Ar laser 532 employed in the foregoing Example 5-1 . The glass substrate 521 has a transmissivity charac- 
teristic as shown in Fig. 47, and therefore infrared ray 534a emitted from the infrared lamp 534 transmits through the 
amorphous silicon thin film 522, most of the ray being absorbed by the glass substrate 521 . When the laser beam 531a 

35 of the XeCI excimer laser 531 is applied thereto, mainly the amorphous silicon thin film 522 is heated by the laser beam 
531a, whereas mainly the glass substrate 521 is heated by the infrared ray 534a of the infrared lamp 534, as in an anal- 
ogous manner to that in the foregoing Example 5-1. Thereby, after being irradiated with the laser beam 531a and the 
infrared ray 534a, the amorphous silicon thin film 522 is annealed and crystal growth is promoted. Thus, a polysilicon 
thin film 523 having large crystal grains is formed. 

40 [0345] The polysilicon thin film 523 formed under the same conditions as in the foregoing Example 5-1 except that 
the infrared lamp 534 was employed was subjected to Raman spectroscopy. The measurement result is shown in Fig. 
45, designated by the reference character Q. As is evident from the Fig. 45, it was confirmed that the Raman scattering 
intensity and crystallinity were higher than those in the case (R) where the laser beam 531a of the XeCI excimer laser 
531 alone was employed. 

45 [0346] It was also proved that uniformity of the crystal grains is excellent, as in the foregoing Example 5-1 . 

[0347] In addition to the infrared ray 534a, the laser beam 532a of the Ar laser 532 may also be employed, as in the 
foregoing Example 5-1 . Further, the infrared ray 534a as well may be applied perpendicular to the amorphous silicon 
thin film 522, such as by using a semitransparent mirror as in the foregoing Example 5-1. 

50 EXAMPLE 5-3 

[0348] Example 5-3 of the present invention is now detailed with reference to Figs. 48 through 50. 
[0349] First, as shown in Fig. 48, a microcrystalline silicon thin film 524 as a precursor semiconductor thin film is 
formed on a glass substrate 521 by using an inductively-coupled plasma CVD method. Specifically, for example, a 
55 microcrystalline silicon thin film 524 having a thickness of 85 nm is formed by using as the reaction gas a 2:3 mixture 
of monosilane gas (SiH 4 ) and hydrogen gas under the reaction conditions of the substrate temperature (reaction tem- 
perature) being 350-530°C and the pressure being several torr. It is noted that in place of the microcrystalline silicon 
thin film 524, the amorphous silicon thin film 522 may be formed, as in the foregoing Example 5-1. Other systems usa- 



35 



EP 1 049 144 A1 



ble as an alternative to the plasma CVD system include an LP (low power) CVD system and a sputtering system. 
[0350] Second, the glass substrate 521 provided with the microcrystalline silicon thin film 524 was heat-treated for 
30 minutes or longer at 400-500°C, as a dehydrogenation treatment in which hydrogen in the microcrystalline silicon 
thin film 524 is removed. The treatment is intended to prevent a damage to the microcrystalline silicon thin film 524 
5 resulting from the rapid release of the hydrogen incorporated into the microcrystalline silicon thin film 524 during the 
laser annealing described below. 

[0351] Third, a laser annealing is performed. Specifically, as shown in Fig. 49, the glass substrate 521 is placed in 
a chamber 541 provided with an irradiation window 541a made of a quartz plate. The glass substrate 521 is then irra- 
diated with the laser beam 531a of the XeCI excimer laser 531 and an incandescent light 542a of an incandescent lamp 

w 542 to crystallize the microcrystalline silicon thin film 524, Thus, a polysilicon thin film 523 is formed. More specifically, 
the laser beam 531a is 10 shots of a pulsed laser having a pulse width of several tens of nanoseconds, a wavelength 
of 308 nm, and an irradiation energy 350 mJ/cm 2 . The laser beam 531a is applied via a laser beam attenuator 543, a 
homogenizer (apparatus for homogenizing the laser beam) 544, and a reflector 545. The incandescent light 542a is 
applied so that the microcrystalline silicon thin film 524 is heated to about 400°C. 

15 [0352] Thereafter, the polysilicon thin film 523 is heated to 350°C or higher in a hydrogen plasma atmosphere to 
perform a hydrogenation treatment by which dissociated dangling bonds in the polysilicon thin film 523 are terminated 
by hydrogen. 

[0353] The crystal grain size in the polysilicon thin film 523 thus formed was measured by using SEM and TEM. 
The grain size was found to be 0.7 um, and it was thereby confirmed that the grain size increased over the grain size in 

20 the prior art polysilicon films, which was 0.3 nm. The field effect mobility also increased to 80 cm 2 /V • sec, which was 
also an improvement over 50 cm 2 /V • sec of the prior art. Furthermore, the total of the density of defects in the interface 
and the inside of the polysilicon thin film 523 was reduced to 1.0 x 10 12 cm~ 2 eV~ 1 , from 1.3 x 10 12 cm" 2 e\A 1 of the prior 
art. This demonstrates that the use of the incandescent lamp 542 in combination with the irradiation with the laser beam 
531a increases the crystal grain size and improves the film quality in the polysilicon thin film 523. 

25 [0354] The conditions in applying the laser beam 531a were varied experimentally. As a result, it was found that 
crystallization takes place when the irradiation energy is 200 mJ/cm 2 or greater, whereas microcrystalline silicon disap- 
pears when the irradiation energy is 500 mJ/cm 2 or greater. In addition, it was found that in the range of 300 m J/cm 2 to 
450 mJ/cm 2 , sufficient crystal growth takes place and a large grain size results. It was also found that when the number 
of times of the irradiation is five times or more, the occurrence of crystal defects is suppressed and crystallinity is 

30 improved. 

[0355] Thereafter, a thin film transistor (TFT) is prepared by, for example, forming predetermined insulating films 
and conductive films, performing a patterning by etching, and then performing an ion implantation. The patterning of the 
polysilicon thin film 523 may be performed before the laser annealing. 

[0356] The gate voltage (Vg) - drain current (Id) characteristic of the TFT thus prepared was measured. As shown 
35 in Fig. 50, the TFT of the present example showed that the rise of the drain current versus gate voltage became more 
abrupt, which confirms that the subthreshold characteristic was improved. The threshold voltage was also reduced. 
[0357] It is noted that, in place of simultaneously applying the laser beam 531a and the incandescent light 542a as 
described above, the irradiation may be performed in the following manner as shown in Fig. 51 . That is, the glass sub- 
strate 521 is placed on a substrate stage 535 capable of moving in the horizontal direction, and the incandescent light 
40 542a is applied to a more forward position in the microcrystalline silicon thin film 524 with respect to a direction of mov- 
ing of the substrate than a position where the laser beam 531a is applied, while the substrate stage 535 is being moved 
in the direction indicated by the arrow A in Fig. 51 . Thereby, heating by the incandescent light 542a is performed before 
the heating by the laser beam 531a. This also achieves the same advantageous effects. 

45 EXAMPLE 5-4 

[0358] A TFT of Example 5-4 according to the present invention will now be described with reference to Figs. 52 
and 50. 

[0359] First, an amorphous silicon thin film 522 is formed on the glass substrate 521 by a plasma CVD method, as 
so shown in Fig. 52. More specifically, for example, an amorphous silicon thin film 522 having a thickness of 85 nm is 
formed by using as reaction gas a mixture of monosilane gas (SiH 4 ) and hydrogen gas under the reaction conditions of 
the substrate temperature being 180-300°C and the pressure being 0.8 torr. 

[0360] Second, the glass substrate 521 provided with the amorphous silicon thin film 522 is subjected to a dehy- 
drogenation treatment in the same manners as in the foregoing Example 5-3. 
55 [0361] Third, the amorphous silicon thin film 522 is irradiated with the laser beam 531a of the XeCI excimer laser 
531 and an excimer lamp light 551a of an excimer lamp 551 , while the glass substrate 521 is being moved in the direc- 
tion of the arrow A in Fig. 52. Thus, the amorphous silicon thin film 522 is crystallized and a polysilicon thin film 523 is 
formed. Specifically, the laser beam 531a has an irradiation energy of 350 mJ/cm 2 , and is applied in such a manner that 
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the irradiated region 531b in the amorphous silicon thin film 522 result is a 500 jim x 70 mm belt-like shape. In addition, 
accompanying with the movement of the glass substrate 521, each shot of the laser beam 531a is applied so that the 
region 531b to be irradiated overlaps with 90 percent of the preceding already-irradiated region, and the entire region 
of the amorphous silicon thin film 522 is irradiated 10 times with the laser beam 531a. Meanwhile, the excimer lamp 

5 light 551a is a light in the range from visible rays to ultraviolet rays, and is applied directly and via a concave reflector 
552 on a 5 mm x 70 mm region 551b to be irradiated, which includes the region 531b to be irradiated with the laser 
beam 531a, so as to heat the amorphous silicon thin film 522 to about 500 °C. 
[0362] Thereafter, a hydrogenation treatment is performed as in the foregoing Example 5-3. 
[0363] The crystal grain size in the polysilicon thin film 523 thus formed was measured by using SEM and TEM. 

10 The grain size was found to be 1 urn, and it was thereby confirmed that the grain size increased over the grain size in 
the prior art polysilicon films, which was 0.3 urn. The field effect mobility also increased to 120 cm 2 /V • sec, which was 
also an improvement over 50 cm 2 /V • sec of the prior art. Furthermore, the total of the density of defects in the interface 
and the inside of the polysilicon thin film 523 was reduced to 1.1 x 10 12 cm- 2 e\f 1 , from 1.3 x 10 12 cm' 2 eV 1 of the prior 
art. This demonstrates that the use of the excimer lamp 551 in combination with the irradiation with the laser beam 531a 

15 increases the crystal grain size and improves the film quality in the polysilicon thin film 523. 

[0364] Thereafter, as in the foregoing Example 5-3, a TFT is prepared by, for example, forming predetermined insu- 
lating films and conductive films, performing a patterning by etching, and then performing an ion implantation. 
[0365] The gate voltage (Vg)-drain current (Id) characteristic of the TFT thus prepared was measured. As shown in 
Fig. 50, the TFT of the present example as well showed that the rise of the drain current versus gate voltage became 

20 more abrupt, which confirms that the subthreshold characteristic was improved. The threshold voltage was also 
reduced to 4.2 V, from 5.0 V of the prior art. 

EXAMPLE 5-5 

25 [0366] Example 5-5 of the present invention will now be detailed with reference to Figs. 53 and 50. 

[0367] First, an amorphous silicon thin film 522 is formed on the glass substrate 521, followed by the dehydrogen- 
ation treatment performed in the same manner as in the foregoing Example 5-4. 

[0368] Subsequently, as shown in Fig. 53, while the glass substrate 521 is being moved in the direction of the arrow 
A, the laser beam 531a of the XeCI excimer laser 531 and the excimer lamp light 551a of the excimer lamp 551 are 

30 applied, and in addition, with the use of a heater 561, the glass substrate 521 was heated from the bottom side, thus 
forming a polysilicon thin film 523. Specifically, the present example is identical to the foregoing Example 5-4 in the con- 
ditions of irradiation with the laser beam 531a and the excimer lamp light 551a, but differs in that the entire glass sub- 
strate 521 is heated to 450°C with the use of the heater 561 in addition to the irradiation. 
[0369] Thereafter, a hydrogenation treatment is performed as in the foregoing Example 5-3. 

35 [0370] The crystal grain size in the polysilicon thin film 523 thus formed was measured by using SEM and TEM. 
The grain size was found to be 1 .5 urn, and it was thereby confirmed that the grain size increased over the grain size in 
the prior art polysilicon films, which was 0.3 jim. The field effect mobility also increased to 150 cm 2 A/ • sec, which was 
also an improvement over 50 cm 2 /V • sec of the prior art. Furthermore, the total of the density of defects in the interface 
and the inside of the polysilicon thin film 523 was reduced to 8.7 x 10 11 cm* 2 eV* 1 , from 1.3 x 10 12 cm^eNA 1 of the prior 

40 art. This demonstrates that the use of the excimer lamp 551 and the heater 561 in combination with the irradiation with 
the laser beam 531a further increases the crystal grain size and improves the film quality in the polysilicon thin film 523. 
[0371] In addition, a TFT was produced as in the foregoing Example 5-3 and the gate voltage (Vg)-drain current (Id) 
characteristic of the TFT thus prepared was measured. As shown in Fig. 50, the TFT of the present example showed 
that the rise of the drain current versus gate voltage became further more abrupt, which confirms that the subthreshold 

45 characteristic was improved. 

[0372] The temperature of the glass substrate 521 was varied experimentally. As a result, it was found that the 
improvement in crystal quality was obtained when the temperature of the glass substrate 521 was 300 °C or higher, 
whereas deformation occurs in the glass substrate 521 and thereby the fabrication of TFTs and the like becomes diffi- 
cult when the temperature was 600 °C or higher. 

50 

EXAMPLE 5-6 

[0373] Example 5-6 of the present invention will now be detailed with reference to Figs. 54 and 50. 
[0374] First, an amorphous silicon thin film 522 is formed on the glass substrate 521 , followed by the dehydrogen- 
55 ation treatment performed in the same manner as in the foregoing Example 5-4. 

[0375] Subsequently, as shown in Fig. 54, while the glass substrate 521 is being moved in the direction of the arrow 
A, the laser beam 571a of a KrF excimer laser 571 and the excimer lamp light 551 a of the excimer lamp 551 are applied, 
and in addition, with the use of the heater 561, the glass substrate 521 was heated from the bottom side, thus forming 
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a polysilicon thin film 523. Compared with the foregoing Example 5-5, the present example differs from the foregoing 
Example 5-5 mainly in that the excimer lamp light 551a is applied from directly above the glass substrate 521 , transmit- 
ting through a wavelength selective reflector 572, and that the KrF excimer laser 571 is used in place of the XeCI exci- 
mer Laser 531 and the laser beam 571a is applied via the wavelength selective reflector 572. In addition, the excimer 

5 lamp light 551a is applied to a 5 mm x 100 mm region 551b to be irradiated including a region 571b to be irradiated with 
the laser beam 571a. Other conditions such as those of heating are identical to the foregoing Example 5-5. 
[0376] The wavelength selective reflector 572 used here reflects a light having a wavelength shorter than 280 nm, 
but transmits a light having a wavelength longer than 280 nm. Therefore, the laser beam 571a (the wavelength being 
248 nm) of the KrF excimer laser 571 , in which KrF is used for discharge, is reflected by the wavelength selective reflec- 

10 tor 572, and then applied substantially perpendicular to the amorphous silicon thin film 522. At the same time, the exci- 
mer lamp light 551a in the range from visible rays to ultraviolet rays transmits through the wavelength selective reflector 
572, and is applied substantially perpendicular to the amorphous silicon thin film 522. 
[0377] Thereafter, a hydrogenation treatment is performed as in the foregoing Example 5-3. 
[0378] The polysilicon thin film 523 thus formed by applying the laser beam 571a and the excimer lamp light 551a 

15 perpendicular to the amorphous silicon thin film 522 exhibited a crystal grain size of 1 .5 u,m, a field effect mobility of 1 50 
cm 2 /V • sec, and a density of defects of 8.7 x 10 11 cm' 2 eV 1 , all of which were the same as those in the foregoing Exam- 
ple 5-5. The uniformities of the crystal grain size and field effect mobility in the respective regions of the polysilicon thin 
film 523 were further increased, and uniform characteristics were obtained throughout the entire surface of the polysil- 
icon thin film 523. 

20 [0379] In addition, a TFT was produced as in the foregoing Example 5-3 and the gate voltage (Vg)-drain current (Id) 
characteristic of the TFT thus prepared was measured. As shown in Fig. 50, the TFT of the present example showed 
the same characteristics as in the foregoing Example 5-5. 

[0380] The selective reflection or transmission of laser beams and the like by the wavelength selective reflector 572 
depending upon the wavelengths can be readily realized by using the KrF excimer laser 571 , as described above. How- 
25 ever, the present example is not limited thereto, but other short wavelength lasers employing XeBr, KrCI, ArF, ArCI, or 
the like may be employed. 

EXAMPLE 5-7 

30 [0381] Example 5-7 of the present invention will now be detailed with reference to Figs. 54 to 56 and 50. 

[0382] The present example 5-7 differs from the foregoing Example 5-6 in that the region 551 b to be irradiated with 
the excimer lamp light 551a is 5 mm x 70 mm, and the heating temperature of the amorphous silicon thin film 522 by 
the excimer lamp 551 is set at various temperatures. Other heating conditions and the like are identical to the foregoing 
Example 5-6. Specifically, the irradiation intensity of the excimer lamp light 551a shown in Fig. 54 was regulated to set 

35 the heating temperature of the amorphous silicon thin film 522 at various temperatures in the range of from a room tem- 
perature to 1200 °C, thereby polysilicon thin films 523 were formed, and the crystal grain sizes and field effect mobilities 
were measured. 

[0383] If the amorphous silicon thin film 522 is heated to about 300 °C or higher, the crystal grain size of the poly- 
silicon thin film 523 increases along with the increase in the heating temperature as shown in Fig. 55, reaching the max- 
40 imum of 5 urn at 1000 °C. If the temperature exceeds 1000 °C, the surface of the glass substrate 521 partly fuses, 
hindering the crystal growth, and as a result, the crystal grain size decreases. 

[0384] In addition, the field effect mobility of the polysilicon thin film 523 increases along with the temperature 
increase as shown in Fig. 56, if the amorphous silicon thin film 522 is heated to about 300 °C or higher, reaching the 
maximum of 450 cm 2 A/ • sec at 1000°C. If the temperature exceeds 1 ,000°C, the field effect mobility also decreases. 
45 [0385] In other words, it is especially effective in increasing the crystal grain size and improving the film quality of 
the polysilicon thin film 523 that the glass substrate 521 is heated by the heater 561 in addition to the irradiation with 
the laser beam 571a and at the same time the amorphous silicon thin film 522 is heated to the temperature in the range 
of 600 to 1100 °C by the irradiation with the excimer lamp light 551a. 

[0386] In addition, a TFT was produced as in the foregoing Example 5-3 and the gate voltage (Vg)-drain current (Id) 
so characteristic of the TFT thus prepared was measured. As shown in Fig. 50, which includes an example of the TFT in 
which the heating temperature of the amorphous thin film 522 is 600 °C, the present example exhibited even better TFT 
characteristics than the foregoing Examples 5-5 and 5-6. 

EXAMPLE 5-8 

55 

[0387] Example 5-8 of the present invention will now be detailed with reference to Figs. 57 and 58, in addition to 
Fig. 50. 

[0388] The present Example 5-8 differs from the foregoing Example 5-7 mainly in that a pulsed Xe flash lamp 581 
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is used in place of the excimer lamp 551. 

[0389] Specifically, as shown in Fig. 57, the laser beam 571a of the KrF excimer laser 571 as in Example 5-7 is 
applied in such a manner that the region 571b to be irradiated in the amorphous silicon thin film 522 has a belt-like 
shape of 500 urn x 200 mm. On the other hand, the Xe flash lamp beam 581a in the range from visible rays to ultraviolet 

5 rays, emitted from a flash Xe lamp 581 , is applied to the region 581b to be irradiated of 5 mm x 200 mm including the 
region 571b to be irradiated with the laser beam 571a so that the amorphous silicon thin film 522 is heated to about 
1000 °C. The Xe flash lamp beam 581 a is, as shown in Fig. 58, synchronized with the irradiation pulse of the laser beam 
571a, and applied so as to have a pulse width extending from before to after the pulse width of the laser beam 571a. 
The laser beam 571 a is also so applied that the width of the irradiation pulse is not larger than 2/3 of its irradiation cycle. 

10 Other conditions such as heating conditions are the same as those in the foregoing Example 5-7. 

[0390] The crystal grain size and field effect mobility of the polysilicon thin film 523 thus formed were substantially 
equal to those of the case where the amorphous silicon thin film 522 was heated to 1000 °C in the foregoing Example 
5-7. Whereas in Example 5-7, some deformation was caused in the glass substrate 521 , no deformation was observed 
in the present Example 5-8, which facilitates the production of proper semiconductor circuits more reliably. Further- 

15 more, the Xe flash lamp 581 has a high heating efficiency and therefore can heat a large area per one time of the irra- 
diation, which can readily improve the productivity. 

[0391] In addition, a TFT was produced as in the foregoing Example 5-3 and the gate voltage (Vg)-drain current (Id) 
characteristic of the TFT thus prepared was measured. As shown in Fig. 50, the present example exhibited still better 
TFT characteristics than the foregoing Examples 5-7. 

20 

EXAMPLE 5-9 

[0392] Example 5-9 of the present invention will now be detailed with reference to Figs. 59 and 50. 

[0393] In the present example 5-9, as shown in Fig. 59, the laser beam 571a emitted from the same KrF excimer 

25 laser 571 as in Example 5-8 is reflected by the wavelength selective reflector 572 and applied to a belt-like shaped 
region 571b to be irradiated having an area of about 500 fim x 200 mm in the amorphous silicon thin film 522. In addi- 
tion, a laser beam 591a from a YAG laser system 591, in which the laser beam emitted from a YAG laser is converted 
into a beam having a half of the wavelength by using a KTP crystal, is reflected by a reflector 592 and applied to a region 
591b to be irradiated having an area of 5 mm x 200 mm in the amorphous silicon thin film 522. As described above, the 

30 laser beam 571a and laser beam 591a are reflected by the wavelength selective reflector 572 and the reflector 592, and 
then enter the amorphous silicon thin film 522 perpendicularly. The conditions such as the timing of irradiation with the 
laser beam 571a and the laser beam 591a, the pulse width, the irradiation energy of the laser beam 571a, and the heat- 
ing temperature of the glass substrate 521 by the heater 561 , are the same as those in the foregoing Example 5-8. 
[0394] The heating temperatures of the amorphous silicon thin film 522 by the laser beam 591a of the YAG laser 

35 system 591 were varied from room temperature to 1200°C in the formation of the polysilicon thin films 523, and the 
crystal grain sizes and field effect mobilities were measured. When the heating temperature of the amorphous silicon 
thin film 522 was 1100°C, both crystal grain size and field effect mobility reached the maximums of 5.5 ^im and 600 
cm 2 A/ • sec respectively. That is, because the YAG laser system 591 was used for preheating, the glass substrate 521 
did not cause deformation or melt to cause impurities to mix into the polysilicon thin film 523, even if the amorphous 

40 silicon thin film 522 is heated to a relatively high temperature. Therefore, still better crystalline polysilicon thin film 523 
was obtained than that of the foregoing Example 5-7 where the amorphous silicon thin film 522 was heated by the exci- 
mer lamp 551 . However, when the amorphous silicon thin film 522 was further heated to 1200°C, both crystal grain size 
and field effect mobility were decreased. The reason is that microcrystalline silicon is already formed by the preheating 
with the YAG laser system 591 , and this causes an adverse effect on the crystal growth process by the KrF excimer 

45 laser 571. 

[0395] In addition, a TFT was produced as in the foregoing Example 5-3 and the gate voltage (Vg)-drain current (Id) 
characteristic of the TFT thus prepared was measured. As shown in Fig. 50, the present example exhibited still better 
TFT characteristics than the foregoing Examples 5-8. 

[0396] The laser system for preheating is not limited to the YAG laser system 591 described above. The same 
50 advantageous effects can be achieved by using, for example, a pulsed laser such as an XeCI excimer laser if the irra- 
diation is implemented with a wavelength different from the wavelength of the KrF excimer laser 571 and with a pulse 
width longer than the KrF excimer laser 571 depending on the mixing ratio of the gas, and further with the timing shown 
in Fig. 58. In addition, a continuous-wave laser system such as an Ar laser or the like may also be employed. 
[0397] The foregoing examples describe the examples in which silicon (Si) is employed as a semiconductor, but the 
55 invention is not so limited. It has been confirmed that the same advantageous effects can be obtained by lll-V com- 
pound semiconductors such as germanium (Ge) and gallium arsenide (GaAs), and ll-VI compound semiconductors 
such as zinc selenide (ZnSe). Further possible examples include silicon carbide (SiC) and silicon germanium (SiGe). 
[0398] It is also noted that the irradiation of the amorphous silicon thin film 522 with the laser beam 531a may be 
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performed in such a manner that the laser beam 531a is applied from the direction of the glass substrate 521, or from 
both directions of the amorphous silicon thin film 522 and the glass substrate 521. 

[0399] In addition, in place of the glass substrate 521, other substrates may be used, and the examples of usable 
substrates include a substrate made of quartz or organic materials such as plastics and a substrate having an insulating 
5 film formed on a surface of a conductive substrate. 

[0400] Further, the laser beam 532a or the like for preheating may be applied in such a manner that the laser beam 
532a or the like is applied not to the entire region of the amorphous silicon thin film 522 but only to a region where high 
TFT characteristics are required, while the other region is, as in the prior art, irradiated only with the laser beam 531a 
or the like for crystallization. 

10 

EXAMPLE 6-1 

[0401] An example in which a thin film transistor as a semiconductor device is employed for a liquid crystal display 
device will be explained in the following. 

15 [0402] In an active matrix-type liquid crystal display device, thin film transistors in the image display region are 
required to have a high uniformity in transistor characteristics in order to reduce unevenness in the displayed images, 
whereas thin film transistors for the driving circuit disposed in a peripheral region adjacent to the image display region 
are required to have a high response characteristic. However, despite the extensive research on various methods for 
growing crystals, it is not easy to achieve both the uniformity in characteristics and the high response characteristic at 

20 the same time. In view of this, in the present example, a plurality of regions are provided in a semiconductor film (amor- 
phous silicon layer) and the regions are irradiated in different manners of irradiation, thereby making it possible that 
each region obtains required characteristics. Specifically, a first laser light is applied to the entire surface or to only the 
image display region, and thereafter, a second laser light is applied, with the second laser light having a higher energy 
density than the first laser light. With reference to the drawings, a laser annealing apparatus and a method of laser 

25 annealing are specifically detailed below. 

[0403] A laser annealing apparatus employed in the present example may have a configuration similar to the prior 
art apparatus shown in Fig. 9. In Fig 9, there are shown a laser oscillator 151, a reflector 152, a homogenizer 153, a 
window 154, a substrate 155 having an amorphous silicon layer formed thereon, a stage 156, and a control unit 157. 
[0404] In the laser annealing of the amorphous silicon layer, the laser light emitted from the laser oscillator 151 is 

30 led to the homogenizer 153 by the reflector 152, so as to be shaped in a predetermined shape with a uniform energy; 
and the shaped laser beam is applied through the window 154 to the substrate 155 mounted on the stage 156 in the 
treatment chamber. In the present example, however, the control unit 157 is so configured that the laser light can be 
applied exclusively each of a plurality of predetermined regions in the substrate 155 and the irradiation conditions can 
be varied for each region to be irradiated. 

35 [0405] Using the laser annealing apparatus described above, a first laser light irradiation is performed in the follow- 
ing manner; a laser light shaped by using the homogenizer 153 into a line-like cross-sectional shape (for example, 300 
^im wide and 10 cm long) is applied to the entire region of the substrate 155 so that the energy density becomes 280 
mJ/cm 2 , while the substrate 155 is being moved so that the regions to be irradiated are partially overlapped each other 
(scan irradiation using a line-like shaped laser light). This laser light irradiation may be performed exclusively in the 

40 image display region 155a in Fig. 60. 

[0406] Next, a second laser light irradiation is performed in the following manner; a laser light is applied to the driv- 
ing circuit regions 155b and 155c with an energy density of 400 mJ/cm 2 , which is higher than that in the first laser light 
irradiation (scan irradiation using a line-like shaped laser light). 

[0407] The substrate 155 is, for example, such a substrate that an amorphous silicon layer is formed on a glass 
45 substrate by plasma CVD to have a thickness of 500 A, and thereafter the substrate with the amorphous silicon layer is 
dehydrogenation-treated for one hour at 450 °C. The laser light is, for example, such that a laser light oscillates with a 
pulse width of 25 ns and an interval of 300 Hz. The laser light scans the substrate 155 in a relative manner by moving 
the substrate 155 at a predetermined speed. In the second laser light irradiation, the scan is performed so that, as 
shown in Fig. 61 , the regions to be irradiated overlap by 30 u,m in each of the regions (the rate of overlap being 10 %). 
so In this case, uneveness is caused in characteristics such as mobilities between an overlapped region in which the laser 
light is repeatedly applied and the rest of the regions. However, as shown in the figure, such uneveness in TFT charac- 
teristics and so forth can be readily minimized by forming the TFT 610 or the like so as to avoid the overlapped region, 
and using the overlapped region for wiring pattern or the like. Further, in the second laser light irradiation, a total time 
for the irradiation can be reduced if the direction of line-like shaped beam is made parallel to each of the sides of the 
55 substrate 155 (the directions designated by the solid lines in the driving circuit regions 155b and 155c) and the scanning 
is performed in the directions perpendicular to each of the sides. To make this possible, the stage on which the sub- 
strate 155 is mounted is rotated 90 degrees in the laser irradiation. (It is possible to rotate 90 degrees the direction of 
the line-like shaped beam, but generally, this is difficult.) 
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[0408] By the first laser light irradiation described above, crystallization is performed in such a manner as to ensure 
the uniformity of semiconductor film characteristics required for the image display region 155a, while by the second 
layer light irradiation, high field effect mobilities are achieved in the driving circuit regions 155b and 155c. Specifically, 
while performing laser light irradiations under various irradiation conditions, the present inventors found that in a scan 

5 irradiation with an energy density of 300 mJ/cm 2 or greater, uneveness in field effect mobilities tends to occur in the 
overlapped region in each scan. In view of this problem, the laser light is applied with an energy density lower than 300 
mJ/cm 2 to the image display region 155a, in which uniformity of characteristics of polycrystal silicon in a plane is 
required, whereas the laser light is applied with an energy density higher than 300 mJ/cm 2 to the driving circuit regions 
155b and 155c, in which good characteristics such as a high field effect mobility are required. Thereby, without achiev- 

10 ing both uniformity and improvement of film characteristics at the same time, polycrystal silicon layers having different 
characteristics from each other, each layers in which a different requirement is met, can be formed respectively in the 
image display region 155a and the driving circuit regions 155b and 155c. 

EXAMPLE 6-2 

15 

[0409] Another example in which a thin film transistor is employed for a liquid crystal display device will be explained 
in the following. 

[041 0] The present example differs from the foregoing Example 6-1 in that the second laser light irradiation employs 
a laser beam having a square-like cross-sectional shape, whereas the first laser light irradiation employs a laser beam 

20 having a line-line cross-sectional shape as in the foregoing Example 6-1 . 

[0411] The laser annealing apparatus in the present example differs from the apparatus in Fig. 9 in that, as shown 
in Figs. 62(a) and 62(b), a homogenizer A 621 for shaping the cross-sectional beam shape of a laser light into a line- 
like shape and a homogenizer B 622 for shaping the cross-sectional beam shape into a square-like shape (1 cm 
square, for example) are employed in place of the homogenizer 153. (Like or corresponding parts shown in Fig. 9 are 

25 designated by like reference numerals or characters in Figs. 62(a) and 62(b) and will not be further elaborated upon.) 
[0412] Using the laser annealing apparatus described above, firstly as shown in Fig. 62(a), a laser light having a 
line-like cross-sectional shape is applied via the homogenizer A 621 to the entire region of the substrate 1 55 or only the 
image display region 155a with an energy density of 280 mJ/cm 2 , at which energy density the uniformity is ensured 
(scan irradiation using a line-like shaped laser light). Thereafter, using the homogenizer B 622 as shown in Fig. 62(b), 

30 a laser light having a square-like cross-sectional shape is applied, as shown in Fig 63, to each of the irradiated regions 
631 and 632 with an energy density of 400 mJ/cm 2 (scan irradiation using a square-like shaped laser light). 
[0413] By employing a laser light having a square-like cross-sectional beam shape as above, it is made possible to 
laser-anneal the driving circuit regions 155b and 155c without rotating the substrate 155 by 90 degrees as in the case 
of the foregoing Example 6-1 . Accordingly, in the present example, polycrystal silicons having different characteristics 

35 in the pixel region and the driving circuit region can be obtained as well as in the foregoing Example 6-1 , and in addition, 
the simplification in the apparatus and the fabrication steps can be readily achieved. 

EXAMPLE 6-3 

40 [0414] The second laser light irradiation in the foregoing Example 6-2 may be performed a plurality of times. Spe- 
cifically, in the second laser light irradiation as in the foregoing Example 6-2, the substrate 155 is not moved, and by 
fixing the regions to be irradiated with the laser light, the laser irradiation may be performed in a stationary sate for each 
of the regions 631 and 632 corresponding to the square-like laser beam shape. When each of the regions 631, 632 to 
be irradiated is overlapped by, for example, about 30 urn in the case of the laser light having 1 cm square cross-sec- 

45 tional shape, the field effect mobility in the region where the laser light is not overlapped can be readily increased to a 
remarkable degree, and the uniformity in the region can also be improved. Here, if the energy density of the laser light 
is high as described above, uneveness is caused in characteristics such as mobilities between an overlapped region in 
which the laser light is repeatedly applied and the rest of the regions. However, for the driving circuit regions 155b and 
155c, the uniformity throughout the entire region as required for the image display region 155a is not necessarily 

so required. In view of this, the driving circuit should be formed so that the pattern of the semiconductor film (TFT pattern) 
avoids the overlapped region of the laser shot (the edge of the laser beam), and the overlapped region should be used 
for wiring pattern or the like. In other words, only the portion of the polysilicon in which characteristics are uniform 
should be used for forming TFTs or the like. If the overlapped regions are not used as such, the area of the overlapped 
regions is relatively small, and therefore the utilization efficiency of the driving circuit regions 155b and 155c is not so 

55 degraded. 

[0415] In addition, the film characteristics can be further improved by performing the laser light irradiation a plurality 
of times (for example 30 times) for each of the regions 631 and 632. Fig. 64 illustrates the relationship between the 
number of the irradiation in the stationary state and the mobility of the resulting polycrystal silicon. As apparent from 
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Fig. 64, the number of the laser irradiation has a preferable range, and the mobility decreases outside the preferable 
range. In the case of the energy density in the stationary irradiation being 400 mJ/cm 2 , the number of the irradiation is 
preferable to be 50 times or more, or more preferably in the range of 80 times to 400 times, to obtain a polycrystal silicon 
having a high field effect mobility. It is noted that the effect of improving the field effect mobility by performing the laser 
5 light irradiation in a stationary state can be also obtained in the case of employing a line-like shaped laser light, although 
the effect is not as great as that in the case of the square like shaped laser light. 

EXAMPLE 6-4 

10 [0416] The conditions of the laser light irradiation for the image display region 155a are differentiated from that for 
the driver circuit regions 155b, 155c in the foregoing Examples 6-1 to 6-3. Additionally, the conditions of the laser light 
irradiation may be further varied by dividing the region to be irradiated into further more regions in the driving circuit 
region, in order to obtain polycrystal silicons having different characteristics within the driving circuit region. Specifically, 
for example, in the second laser light irradiation in the foregoing Example 6-3, a region in the driving circuit regions 155b 

15 and 155c in which a transfer gate in the latch or shift resistor is formed may be irradiated with a high energy density (for 
example 400 mJ/cm 2 ) since such a region requires a high mobility, and the other region may be irradiated with an 
energy density of about 330 mJ/cm 2 , in order to achieve, rather than the mobility the uniformity obtained by the reduc- 
tion in noises and adjustment variations and the improvement in productivity attained by making the region to be irradi- 
ated large. The variations in the conditions of the irradiation can be also attained by varying the number of times of the 

20 irradiation, which will results in substantially the same effect. 

EXAMPLE 6-5 

[041 7] Still another example of the laser annealing apparatus will be described. 

25 [0418] The laser annealing apparatus in this example differs from the apparatus in Fig. 9 in that a mask 641 in 
which a transmissivity of a laser light is partially different is provided between the window 154 and the stage 156, as 
shown in Fig. 65. The mask 641 comprises an attenuating region 641a corresponding to the image display region 155a 
of the substrate 155 and a transmitting region 641b corresponding to the driver circuit regions 155b, 155c, as shown in 
Fig. 66. Specifically, for example, transmissivities of the laser light can be partially determined at a desired value by a 

30 quartz plate being partially covered with such an optical thin film as an ND filter or a dielectric multilayer film, and 
thereby the energy density of the laser light irradiation can be reduced in the pixel region. 

[0419] By employing the laser annealing apparatus described above, the laser light shaped into a line-like cross- 
sectional shape is applied to the entire region in the substrate with an energy density of 400 mJ/cm 2 while the laser 
beam or the mask 641 and the stage 154 is/are being moved. This makes it possible for the image display region 155a 
35 to be laser-annealed with an energy density of 280 mJ/cm 2 , as in the foregoing Example 6-1 . That is, it is made possible 
to form semiconductor films having different characteristics between a pixel region and a driving circuit region at one 
time. 

[0420] Although the mask 641 is disposed so that a certain distance is provided between the mask 641 and the win- 
dow 154 and between the mask 641 and the substrate 155 as shown in Fig. 65, but the present example is not so lim- 
40 ited. The mask 641 may be disposed so as to be in contact with the substrate 155 to improve the flatness of the surface 
to be irradiated, or may be integrally formed with the window 154. Further, the mask 641 may be provided in the homog- 
enizer 153, or may be not such a mask that the intensity of laser light is attenuated, but such that the intensity of the 
laser light is varied by a refracting optical system or the like. 

45 EXAMPLE 6-6 

[0421] An example of a laser annealing apparatus that can further improve the uniformity in the image display 
region will be given below. 

[0422] In the laser annealing apparatus of Example 6-6, a homogenizing optical element 651 for scattering an 
50 incoming laser beam is provided over the substrate 155, as shown in Fig. 67. Thereby, it is made possible to reduce 
unevenness in the luminous energy caused by such as diffraction, the shape of the laser beam, and the like. It is also 
made possible to prevent instability of the laser pulse resulting from the reflected light from the substrate 155 returning 
to the laser oscillator. 

[0423] In addition, as shown in Fig. 68, a combined homogenizing optical element 652 may be employed to simul- 
55 taneously form a region having a high uniformity and a region having a high crystallinity in the semiconductor layer. The 
combined homogenizing optical element 652 has a scattering region 652a and a transmission region 652b having a 
minor finish or the like. 

[0424] It is to be understood that while the respective examples described above can achieve the respective advan- 
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tageous effects as described above, the foregoing exampies may be combined with each other to obtain synergistic 
effects in addition to the respective effects, insofar as the achieved effects are consistent with each other. 

INDUSTRIAL APPLICABILITY 

5 

[0425] As has been described thus far, according to the present invention, the following advantageous effects are 
achieved. 

[0426] Firstly, according to the present invention, it is possible to produce a polycrystal silicon thin film in which the 
region where a transistor is to be formed has a larger grain size, thereby to remarkably improve transistor characteris- 

w , tics such as the field effect mobility, and a large scale driving circuit can be integrated for example in a liquid crystal dis- 
play device and so forth. In addition, the hydrogen content and the stress in the thin film can be reduced by employing 
a silicon oxynitride thin film in which oxygen is added to silicon nitride as an insulating film, and thereby, a more stable 
transistor can be obtained. Furthermore, the grain size and orientation of crystals can be controlled, and the interfer- 
ence between the crystals in the process of growth can be prevented, which leads to a sufficient gram size. Further- 

15 more, in the present invention, crystal nuclei starts to be formed in the peripheral regions earlier than in prior art, and 
as a result, it is possible for crystal growth to proceed quicker than in prior art. 

[0427] In addition, according to the present invention, at least the channel region on the non- single crystalline sem- 
iconductor layer is provided with a region for controlling the orientation of crystal growth such as a gap for controlling an 
orientation of crystal growth or the like, which controls the crystal growth in the directions of the source region and the 
20 drain region. Thus, large crystal grains longitudinally extending in the direction linking the source region and the drain 
region are formed, and thereby a crystalline thin film transistor having a small density of crystal boundaries is attained, 
the transistor being excellent in TFT characteristics such as the field effect mobility. 

[0428] According to the present invention, furthermore, the uniformity and crystallinity of crystal grains are further 
improved by a means of appropriately adjusting an intensity pattern of the light beam. Thus, a crystallized region having 

25 a high degree of field effect mobility can be formed on a limited or specific region on the substrate without producing 
adverse effects on other circuits. As a consequence, it is made possible to integrally form pixel transistors and a driving 
circuit, which requires several tens of times to several hundreds of times higher mobility, on the same substrate. It is 
also made possible to integrally form CPUs and the like on a single substrate, and therefore, according to the invention, 
high-performance AM-LCDs having a high degree of integration can be produced at low cost. 

30 [0429] In addition, by applying at least two types of energy beams resulting in different absorption indices of a pre- 
cursor semiconductor film, the precursor semiconductor film is heated throughout the thickness direction and the sub- 
strate is also heated. As a result, the precursor semiconductor film is crystallized while being annealed. Thereby, crystal 
growth is promoted, enabting relatively large crystal grains, and further, crystal defects are reduced, improving electrical 
characteristics of the semiconductor film. Moreover, in comparison with the case of using a heater or the like, the time 

35 for heating the substrate can be reduced, which leads to an improvement in the productivity. 

[0430] In addition, it is possible to form a plurality of regions having different characteristics, one region having good 
semiconductor film characteristics and another having a high uniformity. Thereby, both the good characteristics neces- 
sary for the circuit region and the high uniformity required for the pixel region are achieved in, for example, a thin film 
transistor array for use in a liquid crystal panel having a built-in peripheral driving circuits. 

40 

Claims 

1 . A method of producing a semiconductor device comprising the steps of: 

45 stacking a first insulating film and a second insulating film on a substrate, said first insulating film having a first 

thermal conductivity, and said second insulating film having a second thermal conductivity different from the 
first thermal conductivity said second insulating film selectively formed in a partial region; 
stacking a non-single crystal semiconductor thin film over said first and second insulating films; 
irradiating said non-single crystal semiconductor thin film with an energy beam to effect crystal growth; and 

50 forming a semiconductor device in a region in said semiconductor thin film irradiated with said energy beam, 

said region corresponding to one of said first and second insulating films having a higher thermal conductivity 
than the other; 

said method characterized in that: 

said second insulating film is selectively formed in a region patterned in a stripe-like pattern. 

55 

2. A semiconductor device comprising: 

a substrate; 
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a first insulating film and a second insulating film stacked on said substrate, said first insulating film having a 

first thermal conductivity and said second insulating film having a second thermal conductivity different from 

the first thermal conductivity, said second insulating film selectively formed in a partial region; and 

a semiconductor thin film grown by irradiating a non-single crystal semiconductor thin film stacked over said 

first and second insulating films with an energy beam; 

said semiconductor device characterized in that: 

said second insulating film is formed in a plurality of stripes having a predetermined intervals so that a plurality 
of regions corresponding to one of said first and second insulating films having a higher thermal conductivity 
than the other; and 

each of said plurality of regions is provided in a plurality of electric current paths in which electric currents flow 
parallel to each other. 

A semiconductor thin film wherein crystals are grown by irradiating a non-single crystal semiconductor thin film with 
a pulse-like energy beam, said semiconductor thin film characterized in that: 

a protruding part is formed in a peripheral edge region of said semiconductor thin film, said protruding part 
extending outwardly in the same plane as a plane of said semiconductor thin film. 

A semiconductor device including a semiconductor thin film as claimed in claim 3. 

A method of producing a semiconductor thin film, comprising the steps of: 

forming a non-single crystal semiconductor thin film having a protruding part extending outwardly in the same 
plane as a plane of said non-single crystal semiconductor thin film; and 

growing crystals in said non-single semiconductor thin film by irradiating with a pulse-like energy beam. 

A method of producing a semiconductor thin film wherein a crystallization of a non-single crystal semiconductor 
thin film is effected by an annealing treatment by irradiating said non-single crystal semiconductor thin film with an 
energy beam, characterized in that: 

said irradiation with the energy beam is such that said irradiation is completed substantially at one time at least 
in a predetermined region; and 

crystal nuclei in a peripheral region in said non-single crystal semiconductor thin film are formed earlier than 
crystal nuclei in a central region in said non-single crystal semiconductor thin film, and thereafter, said crystal 
nuclei in said peripheral region are grown towards said central region before the crystal nuclei in said central 
region start to be formed or grown. 

A semiconductor device comprising a semiconductor thin film wherein a crystallization of a non-single crystal sem- 
iconductor thin film is effected by an annealing treatment by irradiating a non-single crystal semiconductor thin film 
with an energy beam, said semiconductor device wherein: 

said irradiation with the energy beam is such tat the irradiation is substantially completed at one time at least 
in a predetermined region; and 

crystal nuclei in a peripheral region in said non-single crystal semiconductor thin film are formed earlier than 
crystal nuclei in a central region in said non-single crystal semiconductor thin film, and thereafter, said crystal 
nuclei in said peripheral region are grown towards said central region before said crystal nuclei in said central 
region start to be formed or grown. 

A semiconductor device including a crystalline semiconductor layer formed on a substrate, said crystalline semi- 
conductor layer comprising a channel region, a source region disposed at both sides of said channel region, and a 
drain region, said semiconductor device wherein: 

said crystalline semiconductor layer is such that a non-single crystalline thin film is crystallized by irradiating 
with an energy beam; and 

at least in said channel region, an early-crystallization in which a crystallization-starting temperature is higher 
than that in a main portion of said channel region is provided. 

A semiconductor device according to claim 8, wherein said crystalline semiconductor layer is substantially com- 



44 



EP1 049 144 A1 



posed of silicon or a compound of silicon and germanium. 

10. A method of producing a semiconductor device according to claim 1 , wherein said energy beam is an excimer laser 
beam. 

5 

11. A method of producing a semiconductor device wherein a thin film comprising a non-single crystalline material 
formed on a substrate is irradiated with a light beam whereby said non-single crystalline material is crystallized or 
recrystallized to form a crystalline semiconductor thin film, said method characterized in that: 

10 a distribution pattern of a light energy intensity of said light beam is such a distribution pattern that a light inten- 

sity within a beam width monotonously increases from one side to the other, or monotonously decreases from 
one side to the other. 

12. A method of producing a semiconductor device wherein a thin film comprising a non-single crystalline material 
15 formed on a substrate is irradiated with a light beam whereby said non-single crystalline material is crystallized or 

recrystallized to form a crystalline semiconductor thin film, said method characterized in that: 

a distribution pattern of a light energy intensity of said light beam is a wave-motion-like interference pattern 
formed by simultaneously irradiating with at least two coherent lights and by dynamically modulating a phase 
20 of at least one of said two coherent lights. 

13. A method of producing a semiconductor thin film wherein a thin film comprising a non-single crystalline material 
formed on a substrate is irradiated with a light beam and thereafter cooled whereby said non-single crystalline 
material is crystallized or recrystallized, said method characterized in that: 

25 

an atmosphere gas is hydrogen gas, and a pressure of said atmosphere gas is maintained at 1 0" 5 torr or higher 
to cause an uneven temperature distribution on a surface of said thin film irradiated with said light beam. 

14. A method of producing a semiconductor film wherein a precursor semiconductor film formed on a substrate is irra- 
30 diated with a first energy beam supplying said precursor semiconductor film with at least such an energy that said 

precursor semiconductor film can be crystallized, and with a second energy beam such that an absorption index of 
said precursor semiconductor film is smaller than an absorption index by said first energy beam and an energy sup- 
plied by said second energy beam is smaller than an energy capable of crystallizing said precursor semiconductor 
film thereby heating said substrate, and a time and an area of irradiating with said first energy beam is within a time 
35 and an area of irradiating with said second energy beam. 

15. A method of producing a semiconductor thin film comprising a step of irradiating a non-single crystal semiconduc- 
tor thin film with an energy beam, said non-single crystal semiconductor thin film formed on a substrate having an 
image display region and a driving circuit region, said method characterized in that: 

40 

said energy beam is applied to an entire region of said substrate through a filter in which a region of said filter 
corresponding to said image display region has a lower transmissivity than a region of said filter corresponding 
to said driving circuit region, and said image display region and said driving circuit region are simultaneously 
irradiated with said energy beam. 

45 

16. An apparatus for producing a semiconductor thin film comprising: 

an energy beam generating means, and 

means for homogenizing an energy beam emitted from said energy beam generating means so as to have a 
50 predetermined cross sectional beam shape and a homogeneous energy, 

said apparatus wherein a non-single crystal semiconductor thin film formed on a substrate is irradiated with 
said energy beam to effect crystal growth, 
said apparatus characterized in that: 

said apparatus further comprises a filter having a plurality of transmissivities different from each other, and 
55 said energy beam is applied to an entire region of said substrate through said filter to a plurality of regions in 

said non-single crystal semiconductor thin film in such a manner that each of said plurality of regions receives 
a different energy density from each other. 
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